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mg/dL 


What's a common 


denominator 
of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 
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Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)3 


Raised HDL levels 1% to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTAG 


LOPID is indicated for reducing the risk of coronary heart disease - 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 





*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 

coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. | Clin Invest. 

1973,52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster 

Trial. Zürich: Panscientia verlag: 1986:8-9. 3. Data on file, Medical, Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jááttelà A, et al. Comparison between lovastatin and gemfibrozil in the noh 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am J Cardiol. P -+ 
1988;62:35)-43). M CR 
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Before prescribing, please see full prescribing information. 


A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 
WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 


Studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 


with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a Statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 


- carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 


predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
‘Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 


of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (^) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 


. domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 


creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 
(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 


DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 


4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than tho 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig ce 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifer: 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur ii 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 wee 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that ti 
effect was reversed after a drug-free period of about eight weeks, and it was not transrr 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat é 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm. 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observ 
at the high dose levels. No significant malformations were found among almost 400 off 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontint 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 mont 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including ele 
tions of AST (SGOT), ALT (SGPT), LDH, bili 
rubin, and alkaline phosphatase. These ar 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid the | 
should be terminated if abnormalities per 

9. Use in Children — Safety and efficac 
children have not been established. 
ADVERSE REACTIONS. In the doubie-t 
controlled phase of the Helsinki Heart St 
2046 patients received Lopid for up to 5 
In that study, the following adverse reacti 
were statistically more frequent in subjec 
the Lopid group (placebo incidence ir 
theses): gastrointestinal reactions, 34.29/ 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendiciti 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atria. 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant di 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1 3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjec 
64% excess, which is not statistically different from the excess of gallbladder surge 
observed in the clofibrate compared to the placebo group of the WHO study.  . 

Nervous system and special senses adverse reactions were more common in 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. 
adverse reactions that were more common among Lopid treatment group subject: 
where a causal relationship was not established include cataracts, peripheral va 
disease, and intracerebial hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurre 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver fun 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 p 

Additional adverse reactions that have been reported for gemfibrozil are listed E 
by system. These are categorized according to whether a causal relationship to t 
ment with Lopid is probable or not established: | 
CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Cen 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decrea 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubi 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosph 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- - 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative d | 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: ext 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: CO - 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fen. 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopen : 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopec' 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mi 
administered in two divided doses 30 minutes before the morning and evening met 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary pre 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med i 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and da 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related diso 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of In 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Your colleagues review the book — 


". . .concise and finely edited. The discussions are 
up-to-date and to the point... .the book can be 
read from both a generalist's and specialist's 
perspective. . ..to convey ‘what really matters’ to 
a practicing physician....(who manages) 
everyday problems seen in clinical practice.’ 
—Annals of Internal Medicine 


^. . .find information easily and. . .quickly. . . . 
should occupy a place in every clinician's 


i 


office. ... 


—The New England Journal of Medicine 
(First Edition review) 


"Features that distinguish this book from others 
in the field include the pragmatic orientation. . . 
the range of coverage (and). . .the organization in 
bite-sized topics... ” 

| — Journal of the American Medical Association 
Order toll-free 1-800-366-BOOK (First Edition review) 

Ask for Operator 7Y By focusing on the clinical side of day-to-day 
Dutside U.S. call 617-438-8464 practice, using a problem-oriented approach, 
zastern Standard Time 9:00-4:30 providing standardized headings under each 
disease or disorder, and covering both general 
and internal medicine, Medicine for the Practicing 
Physician, Second Edition is a truly useful desk 
reference, designed to be used frequently. 


1988 409-95176-5 1857 pp. $95.00 
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Simple, once-daily patch application 
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Easy-to-handle nonadhesive tab 


See revised Dosage and Administration section in brief 
summary of Prescribing Information on the following page. 


All transdermal nitroglycerin products are being marketed pending final evaluation of effectiveness by the FDA. 


1 ransderm-Nitro ( | Summit Pharmaceuticals 
| Division of CIBA—GEIGY Corporation 
nitroglycen 0.1 mg/hr, 0.2 mg/hr, 0.4 mg/hr, 0.6 mg/hr* | 
At the heart of nitrate compliance 


‘Formerly designated as 2.5 ma/24 hr, 5 mg/24 hr, 10 ma/24 hr, 15 ma/24 hr 
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an easy-open tab 


Easy to apply — 
Easy to remove 


Available in four 
convenient strengths 


Patches shown are not 
actual size. 


Tran erm-Nitro® 
Transdermal Therapeutic System 


Revised Dosage Information 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention of angina pectoris due to coronary artery 
disease. Tolerance to the antianginal effects of nitrates 
(measured by exercise stress testing) has been shown to be a 
major factor limiting efficacy when transdermal nitrates are 
used continuously for longer than 12 hours each day. The 
development of tolerance can be altered (prevented or 
attenuated) by use of a noncontinuous (intermittent) dosing 
schedule with a nitrate-free interval of 10-12 hours. 
Controlled clinical trial data suggest that the intermittent 
use of nitrates is associated with decreased exercise 
tolerance, in comparison to placebo, during the last part of 
the nitrate-free interval; the clinical relevance of this observa- 
tion is unknown, but the possibility of increased frequency or 
severity of angina during the nitrate-free interval should be 
considered. Further investigations of the tolerance phenome- 


non and best regimen are ongoing. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 


CONTRAINDICATIONS 

Allergic reactions to organic nitrates are extremely rare, but they do 
occur. Nitroglycerin is contraindicated in patients who are allergic 
to it. Allergy to the adhesives used in nitroglycerin patches has also 
been reported, and it similarly constitutes a contraindication to the 
use of this product. 


WARNINGS 

The benefits of transdermal nitroglycerin in patients with acute 
myocardial infarction or congestive heart failure have not been 
established. If one elects to use nitroglycerin in these conditions, 
careful clinical or hemodynamic monitoring must be used to avoid 
the hazards of hypotension and tachycardia. 

A cardioverter/defibrillator should not be discharged through a 
paddle electrode that overlies a Transderm-Nitro patch. The MM 
that may be seen in this situation is harmless in itself, but it may be 
associated with local current concentration that can cause damage 
to the paddles and burns to the patient. 


PRECAUTIONS 
Severe h t larly with ht post 
ypotension, particularly with upright posture, may occur 

with even small doses of nitroglycerin. This drug should therefore 
be used with caution in patients who may be volume depleted or 
who, for whatever reason, are already hypotensive. Hy otension 
induced by nitroglycerin may be accompanied by paradoxical 
bradycardia and increased angina pectoris. 
ens van? may aggravate the angina caused by hypertrophic 

iomyopathy. 

As tolerance to other forms of nitroglycerin develops, the effect 
of sublingual nitroglycerin on exercise tolerance, although still 
observable, is somewhat blunted. 

In industrial workers who have had long-term exposure to 
unknown (presumably high) doses of organic nitrates, tolerance 
Clearly occurs. Chest pain, acute myocardial infarction, and even 
sudden death have occurred during temporary withdrawal of 
nitrates from these workers, demonstrating the existence of true 
physical dependence. 

Several clinical trials in patients with angina pectoris have 
evaluated nitroglycerin regimens which incorporated a 10-12 hour 
nitrate-free interval. In some of these trials, an increase in the 
frequency of anginal attacks during the nitrate-free interval was 
observed in a small number of patients. In one trial, patients 
demonstrated decreased exercise tolerance at the end of the 
nitrate-free interval. Hemodynamic rebound has been observed 
only rarely; on the other hand, few studies were so designed that 
rebound, if it had occurred, would have been detected. The 
importance of these observations to the routine, clinical use of 
transdermal nitroglycerin is unknown. 

Information for Patients [ 

Daily headaches sometimes accompany treatment with nitroglyc- 
erin. In patients who get these headaches, the headaches may be a 
marker of the M of the drug. Patients should resist the 
temptation to avoid headaches by altering the schedule of their 
treatment with nitroglycerin, since loss of headache may be 
associated with simultaneous loss of antianginal ores 

Treatment with nitroglycerin may be associated with lightheaded- 
ness on standing, especially just after rising from a recumbent or 
seated position. This effect may be more frequent in patients who 
have also consumed alcohol. 
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0.1 mg/hr... 
Formerly designated as 2.5 mg/24 hr 





0.2 mg/ hr... 
Formerly designated as 5 mg/24 hr 





0.4 mg/hr.. 


Formerly designated as 10 mg/24 hr 





0.6 mg/hr.. 
Formerly designated as 15 mg/24 hr 
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After normal use, there is enough residual nitroglycerin in 
discarded patches that they are a potential hazard to children and 


pets. 

A patient leaflet is supplied with the systems. 
Drug Interactions 
The vasodilating effects of nitroglycerin may be additive with those 
of other vasodilators. Alcohol, in particular, has been found to 
exhibit additive effects of this variety. 

Marked symptomatic orthostatic hypotension has been reported 
when calcium channel blockers and organic nitrates were used in 
combination. Dose adjustments of either class of agents may be 
necessary. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term animal studies have examined the carcinogenic or 
mutagenic potential of nitroglycerin. Nitroglycerin's effect upon 
reproductive capacity is similarly unknown. 

Pregnancy Category C 

Animal reproduction studies have not been conducted with 
nitroglycerin. It is also not known whether nitroglycerin can cause 
fetal when administered to a pregnant woman or whether it 
can affect reproductive capacity. Nitroglycerin should be given to a 
pregnant woman only if clearly needed. 

Nursing Mothers 

It is not known whether nitroglycerin is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when nitroglycerin is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions to nitroglycerin are generally dose-related, and 
almost all of these reactions are the result of nitroglycerin's activity 
as a vasodilator. Headache, which may be severe, i$ the most 
commonly reported side effect. Headache may be recurrent with 
each daily dose, especially at higher doses. Transient episodes of 
lightheadedness. occasionally related to blood pressure changes, 
may also occur. Hypotension occurs infrequently, but in some 
patients it may be severe enough to warrant discontinuation of 
therapy. Syncope, crescendo angina, and rebound hypertension 
have reported but are uncommon. 

Extremely rarely, ordinary doses of organic nitrates have caused 
methemoglobinemia in normal-seeming patients. Methemoglobin- 
emia is so infrequent at these doses that further discussion of its 
diagnosis and treatment is deferred (see Overdosage). 

Application-site irritation may occur but is rarely severe. 

In two placebo-controlled trials of intermittent therapy with 
nitroglycerin patches at 0.2 to 0.8 mg/hr, the most frequent 
adverse reactions among 307 subjects were as follows: 


Placebo Patch 
Headache 18% 63% 
Lightheadedness 4% 6% 
Hypotension, and/or syncope 0% 4% 
Increased angina 2% 2% 
OVERDOSAGE 
Hemodynamic Effects 


The ill effects of nitroglycerin overdose are generally the result of 
nitroglycerin's capacity to induce vasodilatation, venous pooling, 
reduced cardiac output, and hypotension. These hemodynamic 
changes may have protean manifestations, including increased 
intracranial pressure, with any or all of persistent throbbing 
headache, confusion, and moderate fever; vertigo; palpitations; 
visual disturbances; nausea and vomiting (possibly with colic and 
even bloody diarrhea); syncope (especially in the upright posture); 
air hunger and dyspnea, later followed by reduced ventilatory effort; 
diaphoresis, with the skin either flushed or cold and clammy; heart 
block and bradycardia; paralysis; coma; seizures; and death. 

Laboratory determinations of serum levels of nitroglycerin and 
its metabolites are not widely available, and such determinations 
have, in any event, no established role in the management of 
nitroglycerin overdose. 

No data are available to suggest physiological maneuvers (e.g. 
maneuvers to change the pH of the urine) that might accelerate 
elimination of nitroglycerin and its active metabolites. Similarly, it is 
not known which, if any, of these substances can usefully be 
removed from the body by hemodialysis. à 

No specific antagonist to the vasodilator effects of nitroglycerin 
is known, and no intervention has been subject to controlled study 
as a da t of nitroglycerin overdose. Because the hypotension 
associated with nitroglycerin overdose is the result of venodilatation 
and arterial hypovolemia, prudent therapy in this situation should 
be directed toward an increase in central fluid volume. Passive 
elevation of the patient's legs may be sufficient, but intravenous 
infusion of normal saline or similar fluid may also be necessary. 

The use of epinephrine or other arterial vasoconstrictors in this 
setting is likely to do more harm than good. . 

In patients with renal disease or congestive heart failure, therapy 
resulting in central volume expansion is not without hazard. 
Treatment of nitroglycerin overdose in these patients may be subtle 
and difficult, and invasive monitoring may be required. 


Methemoglobinemia 
Nitrate ions liberated during metabolism of nitroglycerin can oxidize 
hemoglobin into methemoglobin. Even in patients totally without 
cytochrome b; reductase activity, however, and even assuming that 
the nitrate moieties of nitroglycerin are quantitatively applied to 
oxidation of hemoglobin, about 1 mg/kg of bic sl should be 
required before any of these patients manifests clinically significant 
= 10%) methemoglobinemia. In patients with normal reductase 
nction, significant production of methemoglobin should require 
even larger doses of nitroglycerin. In one study in which 36 patients 
received 2-4 weeks of continuous nitroglycerin therapy at 3.1 to 
4.4 mg/hr, the average methemoglobin level measured was 0.295; 
this was comparable to that observed in parallel patients who 
received placebo. 

Notwithstanding these observations, there are case reports of 
significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had 
been thought to be unusually susceptible. 

Methemoglobin levels are available from most clinical laborato- 
ries. The diagnosis should be suspected in patients who exhibit 
signs of impaired oxygen delivery despite adequate cardiac output 
and adequate arterial pO». Classically, methemoglobinemic blood is 
described as chocolate brown, without color change on exposure to 
air. 

When methemoglobinemia is diagnosed, the treatment of choice 
is methylene blue, 1-2 mg/kg intravenously. 


DOSAGE AND ADMINISTRATION 

The suggested starting dose is between 0.2 mg/hr*, and 

0.4 mg/hr*. Doses between 0.4 mg/hr* and 0.8 mg/hr* have r 
shown continued effectiveness for 10-12 hours daily for at least 
one month (the longest period studied) of intermittent administra- 
tion. Although the minimum nitrate-free interval has not been 
defined, data show that a nitrate-free interval of 10-12 hours is 
sufficient (see INDICATIONS AND USAGE). Thus, an appropriate 
dosing schedule for nitroglycerin patches would include a daily 
patch-on period of 12-14 hours and a daily patch-off period of 
10-12 hours. 

Although some well-controlled clinical trials using exercise 
tolerance testing have shown maintenance of effectiveness when 
patches are worn apr loca ^ the large majority of such 
controlled trials have shown the development of tolerance (i.e. , 
complete loss of effect) within the first 24 hours after therapy was 
initiated. Dose adjustment, even to levels much higher than 
generally used, did not restore efficacy. 


PATIENT INSTRUCTIONS FOR APPLICATION OF SYSTEM 
A patient leaflet is supplied with each carton. 


HOW SUPPLIED 

Total 

Nitro- 

glycerin 
Transderm- — in System Carton 
Nitro System* System Size Size 


0.1 mg/hr ... NDC 57267-902-26 
... NDC 57267-902-42 
r. ...NDC 57267-902-30 

25mg 10cm? 30 Systems...NDC 57267-905-26 
**30 Systems...NDC 57267-905-42 

**100 Systems... NDC 57267-905-30 

90 mg 20cm? 30 Systems... NDC 57267-910-26 
**30 Systems...NDC 57267-910-42 

**100 Systems...NDC 57267-910-30 

75mg 30cm? 30 Systems... NDC 57267-915-26 
**30 Systems... NDC 57267-915-42 

**100 Systems... NDC 57267-915-30 


* *Institutional Pack 


*Rated release in vivo. Release rates were formerly described in 
terms of drug delivered per 24 hours. In these terms, the supplied 
Transderm-Nitro systems would be rated at 2.5 mg/24 hr 

(0.1 mg/hr), 5 mg/24 hr (0.2 mg/hr), 10 mg/24 hr (0.4 mg/hr), 
and 15 mg/24 hr (0.6 mg/hr). 


Do not store above 86°F (30°C). 


0.2 mg/hr 
0.4 mg/hr 


0.6 mg/hr 


Summit Pharmaceuticals 


Dist. by: 

Summit Pharmaceuticals Printed in U.S.A. 
Division of CIBA-GEIGY Corporation 

Summit, New Jersey 07901 C89-46 (Rev. 10/89) 


References: 
1, Brady EM, Gold OG, Rosenbach HJ. are efficacy of 
transdermal nitroglycerin and oral nitrates: 


ACTION Study. 
Cardiovasc Rev Rep. October 1988: 40-44. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 
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others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT. 
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BALANCED CARDIODYNAMICS... 
THE LINK TO ANTIANGINAL 
PROTECTION AND SAFETY 
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BALANCED CARDIODYNAMICS 
ARE WHAT MAKE CARDIZEM 


diltiazem HCI tasters 
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Usual maintenance dosage: 
180 to 360 mg/day 


CARDIZEM va: 


diltiazem HCI 


MAKING THE DIFERENCE IN ANGINA 


BRIEF SUMMARY 


CARDIZEM® 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 


WARNINGS 

|. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
lory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome. 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
Or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal’s angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
fions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
Studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued. 





60 mg 


90mg 120 mg 


Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
Of digitalis concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine's known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 


embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
Out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
Studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.496), headache (2. 196), nausea (1.9%), 
dizziness (1.596), rash (1.396), asthenia (1.296). In addi- 
tion, the following events were reported infrequently (less than 
196): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sia, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 
Dermatologic:  Petechiae, pruritus, photosensitivity, urti- 
caria. 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive couse and effect between these events and 
CARDIZEM therapy is yet to be established. 
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Co DM PERENNE TRE ECTS ire SENS MICH UE 
The Unstable ST Segment Early After Thrombolysis for 
Acute Infarction and Its Usefulness as a Marker of 
Recurrent Coronary Occlusion 

Ki-ik Kwon, S. Benedict Freedman, lan Wilcox, Kevin Allman, 
Ann Madden, Grant S. Carter, and Phillip J. Harris 


To investigate the incidence of early recurrent ST elevation 
after intravenous thrombolytic therapy for acute myocardial 
infarction, 12-lead electrocardiograms were continuously mon- 
itored for 571 + 326 minutes in 31 patients within 4 hours of 
symptom onset. A marked instability of ST segments was dem- 
onstrated with frequent episodes of recurrent ST-segment ele- 
vation, both symptomatic and silent, in the first 24 hours after 
infarction. Recurrent ST elevation was associated with a delay 
in time to peak creatine kinase and sustained recurrent ST 
elevation was associated with reduced arterial patency and 
worse residual stenosis at 7- to 10-day angiography. 


(c5 m MENSES RNERCIMA ee PRSE 
Interpreting Results of Exercise Studies After Acute 
Myocardial Infarction Altered by Thrombolytic 
Therapy, Coronary i sty or Bypass 

Carl J. Lavie, Raymond J. Gibbons, Alan R. Zinsmeister, and 
Bernard J. Gersh 


The clinical and exercise radionuclide angiographic data in 
791 consecutive patients referred for exercise radionuclide an- 
giography within 1 month of acute myocardial infarction were 
assessed to determine if patient characteristics after infarction 
changed significantly over time. Data indicate that character- 
istics of patients selected to undergo exercise after AMI in a 
large referral center have changed significantly. 


Penne S Lure crus iM WS Kad LE oi ias 
In-Hospital Symptoms of Psychological Stress as 
Predictors of Long-Term Outcome After Acute 
Myocardial Infarction in Men 

Nancy Frasure-Smith 


Can the high in-hospital stress levels experienced by some pa- 
tients after an acute myocardial infarction be relieved after 
discharge, thereby reducing the risks of stress-related AMI 
recurrences and cardiac mortality? This 5-year follow-up 
study looks at the impact of a 1-year program of psychological 
stress monitoring and home nursing intervention on 461 men. 


| [AGS SE RESQUE SENI UA OLET EA ESO Rods 
Effect of Nifedipine on Total Ischemic Activity and 
Circadian Distribution of Myocardial Ischemic Episodes 
in Angina Pectoris 

Richard W. Nesto, Roland T. Phillips, Kevin G. Kett, 
Lawrence S. McAuliffe, Mark Roberts, and Patricia Hegarty 


In a double-blind, crossover study, 10 patients with angina 
pectoris randomized to either nifedipine (mean dose, 80 mg/ 
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day) or placebo, with the initial dose taken upon arising in the 
morning, underwent exercise treadmill testing and 48-hour 
ambulatory electrocardiographic ST-segment monitoring. Ni- 
fedipine significantly reduced total ischemic activity as well as 
the total number and duration of ischemic episodes and fur- 
thermore nearly abolished the morning surge of ischemia noted 
at baseline and with placebo. 


133 Cels LT osea Aa EE 
Early Assessment of Coronary Artery Bypass Graft 
Patency by High-Dose Dipyridamole Echocardiography 
Angelo S. Bongo, Leonardo Bolognese, Gianni Sarasso, 
Carmelo Cernigliaro, Donatella Aralda, Antonietta Carfora, 
Cristina Piccinino, Andrea Campi, Lidia Rossi, and Paolo 
Rossi 


High-dose dipyridamole echocardiography and coronary angi- 
ography were performed in 18 patients with angina before and 
10 days after coronary artery bypass graft surgery. Data sug- 
gest that dipyridamole echocardiography can be safely per- 
formed after coronary artery bypass grafting, that there is ex- 
cellent correlation between the functional improvement as- 
sessed by this test and the anatomic results of coronary artery 
bypass surgery, and that diseased bypass grafts can be reliably 
detected and identified. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


137 Cal SS 3 Lae a CE S 1 
Reversion of Recent-Onset Atrial Fibrillation to Sinus 
Rhythm by Intravenous Flecainide 

Karl D. Donovan, Geoffrey J. Dobb, Leigh J. Coombs, Kok- 
Yeng Lee, John W. Weekes, Challon J. Murdock, and 
Geoffrey M. Clarke 


In a randomized, double-blind, controlled study, intravenous 
flecainide was compared with placebo in the treatment of re- 
cent-onset atrial fibrillation. Intravenous digoxin was adminis- 
tered concurrently to patients in both the placebo and flecai- 
nide groups who had not previously taken digoxin. Severe hy- 
potension occurred more often in the flecainide-digoxin group. 
Flecainide is effective for reverting recent-onset AF to sinus 
rhythm in patients also given digoxin. 


142 

Ablation of the Atrioventricular Junction with 
Radiofrequency Energy Using a New Electrode 
Catheter 

Jonathan J. Langberg, Michael Chin, David J. Schamp, 
Michael A. Lee, Jeffrey Goldberger, David N. Pederson, 
Michael Oeff, Michael D. Lesh, Jerry C. Griffin, and Melvin M. 
Scheinman 


Results of radiofrequency ablation of the atrioventricular junc- 
tion were compared in 2 groups: historical control patients, 
treated with a standard quadripolar catheter, and study pa- 
tients, treated with a custom-designed catheter with a large, 3- 
mm -long distal electrode. Whereas conduction was interrupted 


A11 


in 9 of 18 (50%) of historical control patients, complete AV 
block was induced in 12 of 13 (92%) study patients, indicating 
that catheters designed to increase the surface area of elec- 
trode-tissue contact allow more radiofrequency energy to be 
delivered before a rise in impedance occurs, thereby increasing 
the efficacy of ablation. 


BEL M a duri e su LEA a 
Relative Importance of Activation Sequence Compared 
to Atrioventricular Synchrony in Left Ventricular 
Function 

Marten Rosenqvist, Karl Isaaz, Elias H. Botvinick, Michael W. 
Dae, James Cockrell, Joseph A. Abbott, Nelson B. Schiller, 
and Jerry C. Griffin 


Normal ventricular activation is a prerequisite for optimal left 
ventricular function. Pacing systems allowing a normal activa- 
tion pattern (atrial demand pacing or sequential atrioventricu- 
lar sensing pacing with a long AV delay) are preferred for 
patients who have intact AV conduction but require artificial 
pacing. 


SYSTEMIC HYPERTENSION 


157 

Effects of Doxazosin on Blood Pressure, Renin- 
Angiotensin-Aldosterone and Urinary Kallikrein 
María Ch. Oliveros-Palacios, Nereyda Godoy-Godoy, and 
José A. Colina-Chourio 


The effects of doxazosin on blood pressure, heart rate, meta- 
bolic functions and renal hormones were analyzed after admin- 
istration of a single oral dose in 17 patients with mild to moder- 
ate essential hypertension. Results suggest that long-term 
monotherapy with doxazosin is an effective and safe antihyper- 
tensive agent for this uncomplicated hypertension that stimu- 
lates kallikrein excretion. 


VALVULAR HEART DISEASE 


162 Ee ee ee ES e| PROCESAR TIS CAL 
Effect of Mitral Regurgitation and Volume Loading on 
Pressure Half-Time Before and After Balloon 
Valvotomy in Mitral Stenosis 

Thomas Wisenbaugh, Martin Berk, Rafique Essop, Shirley 
Middlemost, and Pinhas Sareli 


Because percutaneous balloon mitral valvotomy may abruptly 
alter hemodynamic data, the reliability of Doppler pressure 
half-time as a measurement of mitral valve area has recently 
been called into question. We examined the effect of short- 
term alterations in filling pressures on PHT in 18 patients, 
using high-fidelity micromanometer measurements of left atri- 
al and left ventricular pressure before and immediately after 
valvotomy. 


CARDIOMYOPATHY 


Sudden Death During Empiric Amiodarone Therapy in 


Symptomatic Cardiomyopathy 

Lameh Fananapazir, Martin B. Leon, Robert O. Bonow, 
Cynthia M. Tracy, Richard O. Cannon Ill, and Stephen E. 
Epstein 


Amiodarone treatment was prospectively evaluated in 50 pa- 
tients with hypertrophic cardiomyopathy with refractory 
symptoms. Twenty-one patients had ventricular tachycardia 
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during ambulatory Holter monitoring. Although amiodarone 
therapy results in significant functional improvement in most 
symptomatic patients with HC and reduces VT, empiric thera- 
py with this drug may result in a high early incidence of sud- 
den death. 


rae he MB RE eal LU CMT a ak NS ET RN 
Value of Electrophysiologic Studies in Hypertrophic 
Cardiomyopathy Treated with Amiodarone 

Lameh Fananapazir and Stephen E. Epstein 


The relation of electrophysiologic effects of amiodarone to 
long-term outcome was studied in 35 patients with hypertro- 
phic cardiomyopathy. Although amiodarone effectively sup- 
pressed atrial arrhythmias and reduced or prevented ventricu- 
lar tachycardia induction, it caused important conduction ab- 
normalities in about 20% of patients and facilitated induction 
of VT in about half of the patients. Electrophysiologic studies 
are therefore necessary when initiating amiodarone because 
the results identify patients with HC who should receive a 
pacemaker with the drug, as well as those in whom amioda- 
rone should be discontinued because of serious proarrhythmic 
effects. 


183 PROP eA Tel TECHN ET et a ee an 
Rarity of Preclinical Alcoholic Cardiomyopathy in 
Chronic Alcoholics <40 Years of Age 

Manuel D. Cerqueira, George D. Harp, James L. Ritchie, 
John R. Stratton, and R. Dale Walker 


In this controlled study, all but 3 of 25 chronic alcoholics aged 
<40 years, and carefully selected to exclude coronary artery 
disease and hypertension, had normal systolic and diastolic left 
ventricular function at rest and peak exercise. Repeat testing 
after 4 weeks of abstinence from alcohol showed persistence of 
the exercise-induced abnormal systolic function in 2 of the 3 
abnormally responsive alcoholics. Myocardial damage in the 
absence of overt congestive heart failure, often present at nec- 
ropsy of chronic alcoholics, is rare in young, asymptomatic 
chronic alcoholics, and may require exercise stress testing to be 
detected. 


208 i et a LE Ae Sai re ee LM 
Prognostic Value of Thallium-201 Perfusion Defects in 
Idiopathic Dilated Cardiomyopathy 

Yoshinori L. Doi, Taishiro Chikamori, Jun Takata, Yoshihiro 
Yonezawa, Jan D. Poloniecki, Toshio Ozawa, and William J. 
McKenna 


To assess the prognostic significance of thallium-201 perfusion 
defects in patients with idiopathic dilated cardiomyopathy, 43 
patients underwent thallium scintigraphy in addition to clini- 
cal, echocardiographic, angiographic and hemodynamic evalu- 
ation. During 3.2 + 2.2 years, 14 patients had disease-related 
mortality. Results indicate that thallium-201 perfusion defects 
in patients with IDC are associated with a poor prognosis, but 
do not add to the predictability of conventional measurements. 


CONGENITAL HEART DISEASE 


194 hoes WES) qur Cc ST Sar Te Renee a ee 
Usefulness of Color-Flow Doppler in Diagnosing and in 
Differentiating Supracristal Ventricular Septal Defect 


Achi Ludomirsky, Lloyd Tani, Daniel J. Murphy, and James C. 
Huhta 


In patients with supracristal ventricular septal defects, the 
transeptal jet directed toward the pulmonary valve is often 
difficult to distinguish from the right ventricular outflow tract 


flow. Herein, data obtained in 28 consecutive, catheter-diag- 
nosed patients with supracristal VSD (14) and RV outflow 
tract obstruction (14) by color-flow mapping of continuous- 
wave Doppler, 2-dimensional echocardiographic and pulsed- 
wave Doppler studies are compared to see which method best 
localizes, assesses and accurately differentiates VSD transeptal 
jets from RV outflow tract flow. 


MISCELLANEOUS 
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Accuracy of Assessment of Cardiac Vagal Tone by 


Heart Rate Variability in Normal Subjects 
Junichiro Hayano, Yusaku Sakakibara, Akira Yamada, 
Masami Yamada, Seiji Mukai, Takao Fujinami, Kiyoko 
Yokoyama, Yosaku Watanabe, and Kazuyuki Takata 


The correlations of time and frequency domain indexes of RR 
interval variability under controlled respiration with pharma- 
cologically determined cardiac vagal tone were examined in 15 
normal subjects at supine rest. The time and frequency domain 
indexes of the high-frequency spectral component correlated 
with vagal tone, and their variance is explained by a single 
principal component closely related to vagal tone. Results indi- 
cate that both time and frequency analyses provide an accurate 
and common measure of cardiac vagal tone at rest. 


BRIEF REPORTS 


205 

Significance of Minimal Preexcitation in Wolff- 
Parkinson-White S 

Wee Siong Teo, George J. Klein, Raymond Yee, James W. 
Leitch, and Challon J. Murdock 


207 
Comparison of Responses to Isoproterenol and 
ren mp se Head-Up Tilt in Suspected 


yncope 
Hugh Calkins, Alan Kadish, Joao Sousa, Shimon Rosenheck, 
and Fred Morady 
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Frequency of Valvular Regurgitation by Color Doppler 
Echocardiography in Systemic Lupus Erythematosus 
Katsuaki Enomoto, Yoshikazu Kaji, Takehito Mayumi, Yasuo 
Tsuda, Shozo Kanaya, Kohei Nagasawa, Takehiko Fujino, and 
Yoshiyuki Niho 


213 


Hemodynamic Study During Upright Isotonic 
Exercise Before and Six Months After Dynamic 


Cardiomyopathy or Chagas’ Disease 

Edimar Alcides Bocchi, Luiz Felipe Moreira, Giovanni Bellotti, 
Antonio C.P. Barreto, Luiz G.S. Azul, Noedir Stolf, Adib 
Jatene, and Fulvio Pileggi 


215 

Prognosis of Nonobstructive Hypertrophic 
Cardiomyopathy 

Leon A. Aron, Harry L. Hertzeanu, Enrique Z. Fisman, llan S. 
Nosrati, and Jan J. Kellermann 


217 au EE OS OE A Be PSI 
Left Ventricular Function in Patients >20 Years of Age 
with Ebstein’s Anomaly of the Tricuspid Valve 

Anita Saxena, Lance V. Fong, Maria Tristam, Duncan M. 
Ackery, and Barry R. Keeton 


PM iki tks Di 2 ANETE E a te 
ST-Segment Depression After Cardiac Transplantation 
and Its Usefulness as an Indicator of Acute Rejection 
Bernd Heublein, Jórg Winter, Josef Kemnitz, Thorsten 
Wahlers, and Axel Haverich 


"oci o aa 4. MS Se ode Pos OS E 
Usefulness of Systolic Excursion of the Mitral Anulus 
as an Index of Left Ventricular Systolic Function 
Ramdas G. Pai, Monty M. Bodenheimer, Sudha M. Pai, 
Jerome H. Koss, and Richard D. Adamick 
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CORONARY ARTERY DISEASE 


Qo SEE ar, SO SS Le CORLL. MR uit AAN: 
The Unstable ST Segment Early After Thrombolysis for Acute 
Infarction and Its Usefulness as a Marker of Recurrent 
Coronary Occlusion 

Ki-ik Kwon, S. Benedict Freedman, lan Wilcox, Kevin Allman, Ann 
Madden, Grant S. Carter, and Phillip J. Harris 


To investigate the incidence of early recurrent ST elevation after intrave- 
nous thrombolytic therapy for acute myocardial infarction, 12-lead elec- 
trocardiograms were continuously monitored for 571 + 326 minutes in 31 
patients presenting within 4 hours of symptom onset. A total of 25 episodes 
of recurrent ST elevation after early ST resolution were observed in 11 
patients. Of the 25 episodes, 19 were transient and 6 sustained, and 8 were 
silent. The proportion of silent episodes was similar for transient and 
sustained recurrences. All patients with sustained recurrent ST elevation 
had 21 preceding transient recurrence. Recurrent ST elevation was asso- 
ciated with a delay in time to peak creatine kinase, and sustained recurrent 
ST elevation was associated with reduced arterial patency and worse 
residual stenosis at 7- to 10-day angiography. Recurrent ST elevation 
occurred in 10 to 15 patients with early ST resolution given tissue plasmin- 
ogen activator despite conventional heparin therapy administered to 9. 
Transient recurrent ST elevation after ST resolution from thrombolysis is 
common, may be silent or prolonged, and may presage sustained recurrent 
ST elevation. This marked lability of ST segments probably represents 
recurrent coronary occlusion. 


116 

Interpreting Results of Exercise Studies After Acute 
Myocardial Infarction Altered by Thrombolytic Therapy, 
Coronary Angioplasty or Bypass 

Carl J. Lavie, Raymond J. Gibbons, Alan R. Zinsmeister, and Bernard J. 
Gersh 


The clinical and exercise radionuclide angiographic data in 791 consecu- 
tive patients referred for exercise assessment within 1 month of acute 
infarction at our institution were retrospectively assessed to determine if 
the characteristics of patients referred for exercise evaluation after infarc- 
tion have changed significantly over time. Most parameters demonstrated 
significant increasing trends, including revascularization procedures, age, 
B-blocker usage, Q-wave infarction, inferior infarction, exercise double 
product, exercise capacity, significant ST-segment depression with exer- 


Continued on page A18 
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cise, peak ejection fraction, as well as ejection fraction change with exer- 
cise. These data indicate that the characteristics of patients selected to 
undergo exercise radionuclide angiography after infarction in a large 
referral center have changed significantly. If these data are applicable to 
other referral centers and other exercise testing modalities, previously 
published results regarding exercise assessment after infarction will need 
to be confirmed in patients currently selected for testing, since these results 
may no longer be applicable in the current era. 


121 


In-Hospital Symptoms of Psychological Stress as Predictors of 


Long-Term Outcome After Acute Myocardial Infarction in Men 
Nancy Frasure-Smith 


The impact of high levels of in-hospital stress symptoms as assessed by the 
General Health Questionnaire after an acute myocardial infarction 
(AMI) was examined over 5 years among 461 men (232 treatment, 229 
control patients) who took part in a 1-year randomized trial of a program 
of psychological stress monitoring and nursing intervention. For patients 
receiving routine medical care after hospital discharge, high stress was 
associated with a close to threefold increase in risk of cardiac mortality (p 
= 0.0003) and with a 1.5-fold increase in risk of reinfarction (p = 0.09). 
Furthermore, highly stressed patients who took part in the program did 
not experience any increase in risk. Program impact on both cardiac 
mortality (p = 0.006) and AMI recurrences (p = 0.004) was marked 
among highly stressed patients, but there was no impact among patients 
under low levels of stress. These results add to the research implicating 
psychosocial factors in post-AMI outcomes, and suggest that patients 
most likely to benefit from programs to alter these factors may be identi- 
fied before hospital discharge. 


eae ete ik IERI CET PI CARGO Vw EVEN a ee OL 7 UN 
Effect of Nifedipine on Total Ischemic Activity and Circadian 
Distribution of Myocardial Ischemic Episodes in Angina 
Pectoris 

Richard W. Nesto, Roland T. Phillips, Kevin G. Kett, Lawrence S. 
McAuliffe, Mark Roberts, and Patricia Hegarty 


A double-blind, crossover study was conducted in 10 patients to determine 
the effect of nifedipine versus placebo on total ischemic activity and 
circadian distribution of ischemic episodes as assessed by exercise tread- 
mill testing and 48-hour ambulatory electrocardiographic ST-segment 
monitoring. Assessments were made at baseline and after patients were 
administered either nifedipine (mean dose, 80 mg /day) or placebo 4 times 
per day, with the initial dose taken immediately upon arising in the 
morning for 7 days of therapy at a stable dose. Greater exercise duration 
was achieved with nifedipine than with placebo, and time to 21 mm ST 
depression was significantly greater than at baseline and with placebo. 
Systolic blood pressure significantly decreased during nifedipine treat- 
ment at rest compared with that at baseline and with placebo. Ambulatory 
monitoring revealed that nifedipine reduced total ischemic activity, with a 
significant reduction in the total number of ischemic episodes and a 
reduction in the total duration of ischemia. Furthermore, the morning 
surge of ischemia noted at baseline and with placebo was nearly abolished. 
Continued on page A20 
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ss Ad PEUN CORREDOR Re SE T LO DERBI TCU I Fee ER MSN EUR o S 
Early Assessment of Coronary Artery Bypass Graft Patency by 
High-Dose Dipyridamole Echocardiography 

Angelo S. Bongo, Leonardo Bolognese, Gianni Sarasso, Carmelo 
Cernigliaro, Donatella Aralda, Antonietta Carfora, Cristina Piccinino, 
Andrea Campi, Lidia Rossi, and Paolo Rossi 


High-dose dipyridamole echocardiography and coronary angiography 
were performed in 18 consecutive patients with angina before and 10 days 
after coronary artery bypass graft surgery. Before surgery, the dipyrida- 
mole echocardiography test results were negative in 4 patients and positive 
in 14 patients. After bypass surgery dipyridamole echocardiographic test 
results were positive in 4 patients: All had 21 diseased bypass graft or 
native vessel obstruction distal to bypass graft insertion. In these patients 
the dipyridamole echocardiography test correctly identified the nonrevas- 
cularized vessel. One patient with an occluded bypass graft presented 
electrocardiographic changes without wall motion abnormalities during 
dipyridamole infusion. In the remaining 13 patients with negative dipyrid- 
amole echocardiographic results after surgery, bypass grafts were angio- 
graphically patent. These data suggest that dipyridamole echocardiogra- 
phy is a safe, feasible and useful tool for the early assessment of coronary 
artery bypass graft patency. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Rr RON] ACTAE Donec ES CER EISE ES APA VY o NIA NT AL PS IBS: AERDEN 
Reversion of Recent-Onset Atrial Fibrillation to Sinus Rhythm 
by intravenous, ;'ainide 

Karl D. Don J. Dobb, Leigh J. Coombs, Kok-Yeng Lee, 
ipeum and Geoffrey M. Clarke 





John W. "§ vee galee 







3 1 sje B <72 hours with a ventricular rate > 120 y 
min) was in idd. Patients with severe heart failure or hemodynamic 
instability were "exéfuded. One hundred two patients were randomly allo- 
cated to receive either flecainide (2 mg/kg, maximum dose 150 mg) or 
placebo. Digoxin (500 ug) was administered concurrently to all patients in 
both groups who had not previously taken digoxin. Cardiovascular param- 
eters were monitored continuously. Twenty-nine (57%) patients given 
flecainide and digoxin but only 7 (1496) given placebo and digoxin revert- 
ed to sinus rhythm within 1 hour of commencing the medications (chi- 
square 18.9, p = 0.000013; odds ratio 8.3, 95% confidence interval 2.9 to 
24.8). Severe hypotension occurred more often in the flecainide-digoxin 
group. Flecainide is effective for reverting recent-onset atrial fibrillation to 
sinus rhythm in patients also given digoxin. 
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The above image is a scientifically correct, 
computer-generated model of a section ofthe 
actual DNA containing the gene that codes 

for human tissue plasminogen activator. 





The only available thrombolytic 
agent equivalent to human 
tissue plasminogen activator 


No pattern of serious or life-threatening allergic reactions has been reported in over 150,000 
patients treated 


Because Activase® is a recombinant natural protein, it does not react with antistreptococcal 
antibodies, thereby reducing the concern regarding therapeutic failures 


No reported episodes of infusion-related hypotension requiring emergency intervention 


Bleeding is the most common complication of thrombolytic therapy, with intracranial bleeding being 
the most serious. Activase* is contraindicated in patients with: active internal bleeding, history of 
cerebrovascular accident, recent (within two months) intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malformation, or aneurysm, known bleeding diathesis, severe 
uncontrolled hypertension. (See WARNINGS section of brief summary of prescribing information. ) 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi vae. coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

ACTIVASE* is also indicated in the management of acute massive pulmonary embolism (PE) in 
adults: for the lysis of acute pulmonary emboli, defined as obstruction of blood flow to a lobe or 
multiple segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 
hemodynamics, i.e., failure to maintain blood pressure without supportive measures. The diagnosis 
should beconfirmed by objective means, such as pulmonary angiography or noninvasive procedures such 
as pag seang 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: * Active internal bleeding * History of cerebrovas- 
cular accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) * Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE* therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e. g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE* had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE* therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE* Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE* and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE* should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: « Recent (within 10 days) major surgery, e.g., coronary artery bypass 
graft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vessels + Cerebrovas- 
cular disease * Recent (within 10 days) gastrointestinal or genitourinary bleeding * Recent (within 10 
days) trauma * Hypertension: systolic BP 180 mm Hg and/or diastolic BP=110 mm Hg * High 
likelihood of left heart thrombus, e.g., mitral stenosis with atrial fibrillation * Acute pericarditis - 
Subacute bacterial endocarditis « Hemostatic defects including those secondary to severe hepatic or 
renal disease + Significant liver dysfunction + Pregnancy + Diabetic hemorrhagic retinopathy, or other 
hemorrhagic ophthalmic conditions + Septic thrombophlebitis or occluded AV cannula at seriously 
infected site + Advanced age, i.e., over 75 years old * Patients currently receiving oral anticoagulants « 
Any other condition in which bleeding constitutes a significant hazard or would be particularly 
difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
Pulmonary Embolism it should be recognized that the treatment of pulmonary embolism with 
ACTIVASE® Alteplase, has not been shown to constitute adequate clinical treatment of underlying 
deep vein thrombosis. Furthermore, the possible risk of reembolization due to the lysis of underlying 
deep venous thrombi should be considered. 

PRECAUTIONS: General Standard management of myocardial infarction or pulmonary embolism 
should be implemented concomitantly with ACTIVASE* treatment. Noncompressible arterial punc- 
ture must be avoided. Arterial and venous punctures should be minimized. In the event of serious 
bleeding, ACTIVASE* and heparin should be discontinued immediately. Heparin effects can be 
reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE* If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE* has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE* therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE* is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE* with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
(such as acetylsalicylic acid, dipyridamole) may increase the risk of bleeding if administered prior to, 
during or after ACTIVASE* therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE* It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE* should be given to a pregnant woman only if 
clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE* in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE* and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
n Sapa ink was evidenced only after prolonged exposure and only at the highest concentra- 

ons tested. 
Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE* is administered to a 
nursing woman. 
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ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Se HS mmm 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 


Dose Number of Patients ees 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE* should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials? is not signficantly different in the ACTIVASE* treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE* therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE* therapy. Therefore, ACTIVASE* therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE* therapy. 


DOSAGE AND ADMINISTRATION: ACTIVASE* is for intravenous administration only. ACUTE MYOCAR- 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible after the onset of symptoms. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE* has not been snown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by intravenous infusion 
over two hours. Heparin therapy should be instituted or reinstituted near the end of or immediately 
following the ACTIVASE® infusion when the partial thromboplastin time or thrombin time returns to 
twice normal or less. 


A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE* should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ph sa 1.0 mg/mL at approximately pH 73. The osmolality of this solution is approximately 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an alternative, the reconsti- 
tuted solution may be diluted further immediately before administration in an equal volume of 0.9% 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP to yield a concentration of 0.5 
mg/mL. Either polyvinyl chloride bags or glass bottles are acceptable. ACTIVASE® is stable for up to 
8 hours in these solutions at room temperature. Exposure to light has no effect on the stability of 
these solutions. Excessive agitation during dilution should be avoided; mixing should be accom- 
plished with gentle swirling and/or slow inversion. Do not use other infusion solutions, e.g., Sterile 
Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE* Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE* is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE* at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

REFERENCES: 

1. Topol, E.J., Morriss, D.C., Smalling, R.W., et al., A Multicenter, Randomized, Placebo-Controlled Trial 
of a New Form of Intravenous Recombinant Tissue-Type Plasminogen Activator (Activase*) in Acute 
Myocardial Infarction. J Am. Coll. Card. 9:1205-1213, 1987 2. Guerci, A.D., Gerstenblith, G., Brinker, J.A., 
et al., A Randomized Trial of Intravenous Tissue Plasminogen Activator for Acute Myocardial Infarction 
with Subsequent Randomization of Elective Coronary Angioplasty. New Engl. J. Med., 317:1613-1618, 
1987. 3. O' Rourke, M., Baron, D., Keogh, A., et al., Limitation of Myocardial Infarction by Pre Infusion 
of Recombinant Tissue-Plasminogen Activator, Circulation, 77:1311-1315, 1988. 4. Wilcox, R.G., von der 
Lippe, G., Olsson, C.G., et al., Trial of Tissue Plasminogen Activator for Mortality Reduction in Acute 
Myocardial Infarction: ASSET. Lancet 2:525-530, 1988. 5. Hampton, J.R., The University of Nottingham, 
Personal Communication. 6. Van de Werf, F, Arnold A.E.R., etal., Effect of Intravenous Tissue-Plasmin- 
ogen Activator on Infarct Size, Left Ventricular Function and Survival in Patients with Acute Myocardial 
Infarction. Br. Med. J., 297:1374-1379, 1988. 7 National Heart Foundation of Australia Coronary Throm- 
bolysis Group: Coronary Thrombolysis and Myocardial Infarction Salvage by Tissue Plasminogen 
Activator Given up to 4 Hours After Onset of Myocardial Infarction. Lancet 1:203-207, 1988. 8. Califf, 
R.M., Stump, D., Thornton, D., et al, Hemorrhagic Complications After Tissue Plasminogen Activator 
(t-PA) Therapy for Acute Myocardial Infarction. Circulation 76:IV-1, 1987. 
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Ablation of the Atrioventricular Junction with Radiofrequency 
Energy Using a New Electrode Catheter 

Jonathan J. Langberg, Michael Chin, David J. Schamp, Michael A. Lee, 
Jeffrey Goldberger, David N. Pederson, Michael Oeff, Michael D. Lesh, 
Jerry C. Griffin, and Melvin M. Scheinman 


Results of radiofrequency ablation of the atrioventricular (AV) junction 
using a custom-designed catheter with a large, 3-mm-long distal electrode 
were compared to those using a standard quadripolar electrode catheter 
(Bard EP). Complete AV block was induced with a modified catheter in 
12 of 13 patients (92%). In contrast, conduction was interrupted in 9 of 18 
(50%) historical control patients with the standard catheter. A rise in 
impedance occurred significantly earlier and more frequently when the 
standard catheter was used. The use of a catheter designed to increase the 
surface area of electrode-tissue contact allows more radiofrequency ener- 
gy to be delivered before a rise in impedance occurs and appears to 
increase the effectiveness of radiofrequency ablation of the AV junction. 
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Relative Importance of Activation Sequence Compared to 
Atrioventricular Synchrony in Left Ventricular Function 

Marten Rosenavist, Karl Isaaz, Elias H. Botvinick, Michael W. Dae, James 
Cockrell, Joseph A. Abbott, Nelson B. Schiller, and Jerry C. Griffin 


Ventricular demand pacing (VVI) with or without atrioventricular (AV ) 
synchrony results in an altered activation pattern of the left ventricle 
associated with delayed onset, asynchronous contraction, interventricular 
septal motion abnormalities and impaired systolic function. These changes 
persist during submaximal exercise. Atrial demand pacing (AAI) im- 
proves diastolic peak filling rate as compared to sequential AV sensing 
pacing (DDD). During VVI, the loss of AV synchrony results in a com- 
pensatory increase in peak filling rate. Normal ventricular activation is a 
prerequisite for optimal left ventricular (LV) function. Pacing systems 
allowing a normal ventricular activation pattern (AAI or DDD with a long 
AV delay) are preferred for patients who have intact AV conduction but 
require artificial pacing. 


SYSTEMIC HYPERTENSION 


CpoK AT Rete P USO TUS SC I RUE RE ENK E TORIA ERES LP ay AN EEO RAY 
Effects of Doxazosin on Blood Pressure, Renin-Angiotensin- 
Aldosterone and Urinary Kallikrein 

María Ch. Oliveros-Palacios, Nereyda Godoy-Godoy, and José A. Colina- 
Chourio 


In a randomized, placebo-controlled, 12-week trial, the new a-blocking 
agent doxazosin was studied in 17 adult patients (11 women, 6 men, 21 to 
59 years) with mild to moderate uncomplicated essential hypertension as a 
single oral morning dose. The effective antihypertensive dose needed to 
achieve and maintain diastolic blood pressure <90 mm Hg was titrated 
biweekly to an end-point dose of 4.35 + 0.2 mg/day at week 12 with no 
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Comes from the BAYER Aspirin Inside 


Stomach-protecting post-MI prophylaxis 
from the most experienced name in aspirin 


Q Provides enteric-coated MI @ Dissolves predictably in the 
protection for post-heart attack and intestine, while bypassing the stomach 


unstable angina patients e REA i 
ble angina patient | Priced to cost less than Ecotrin 
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Brief Summary 

Therapy BAYER® Aspirin 

Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help Reduce the Risk of Second MI 
or MI in Unstable Angina 


... DOSAGE AND ADMINISTRATION: 


Although most of the studies used dosages exceeding 300 mg, two trials used only 300 mg daily, 
and pharmacologic data indicate that this dose inhibits platelet function fully. Therefore, 300 mg or 


. — aconventional 325 mg aspirin dose daily is a reasonable routine dose that would minimize gastroin- 
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testinal adverse reactions. This use of aspirin applies to both solid oral dosage forms (buffered and 
plain aspirin) and buffered aspirin in solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 

In the AMIS trial, the dosage of 1,000 mg per day of aspirin was associated with small increases in 
systolic blood pressure (BP) (average 1.5 to 21 mm) and diastolic BP (0.5 to 0.6 mm), depending 
upon whether maximal or last available readings were used. Blood urea nitrogen and uric acid levels 
were also increased but by less than 1.0 mg percent. Subjects with marked hypertension or renal 
insufficiency had been excluded from the trial so that the clinical importance of these observations 
for such subjects or for any subjects treated over more prolonged periods is not known. It is rec- 
ommended that patients placed on long-term aspirin treatment, even at doses of 300 mg per day, be 
seen at regular intervals to assess changes in these measurements. 


BIOAVAILABILITY: 
The bioavailability of aspirin from Therapy BAYER has been confirmed. In a single-dose study! in 


- which plasma acetylsalicylic acid and salicylic acid levels were measured, measurable plasma con- 


centrations were achieved within 15 minutes after dosing. Maximum concentrations were achieved 
at approximately five hours postdosing. Therapy BAYER, when compared with plain aspirin, achieves 
maximum plasma salicylate levels not significantly different from plain, i.e., not enteric-coated, 
aspirin. Dissolution of the enteric coating occurs at a neutral-to-basic pH and is therefore dependent 
on gastric emptying into the duodenum. With continued dosing, appropriate therapeutic plasma lev- 
els are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number of endoscopic studies com- 
paring enteric-coated aspirin and plain aspirin, as well as plain buffered and "arthritis strength” 
preparations. In these studies, endoscopies were performed in healthy volunteers before and after 
either two-day or 14-day administration of aspirin doses of 3,900 or 4,000 mg/day. Compared to all 
the other preparations, the enteric-coated aspirin produced significantly less damage to the gastric 
mucosa. There was also statistically less duodenal damage when compared with the plain, i.e., non- 
enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused gastrointestinal symptoms 
and bleeding that, in some cases, were Clinically significant. In the largest postinfarction study (the 
Aspirin Myocardial Infarction Study [AMIS] with 4,500 people),? the percentage of incidences of 
gastrointestinal symptoms for the aspirin (1,000 mg of a standard, solid-tablet formulation) and pla- 
cebo-treated subjects, respectively, were stomach pain (14.5%, 4.4%), heartburn (11.9%, 4.8%), 
nausea and/or vomiting (7.696, 21%), and hospitalization for GI disorder (4.9%, 3.5%). In the AMIS 
and other trials, aspirin-treated patients had increased rates of gross gastrointestinal bleeding. 
Symptoms and signs of gastrointestinal irritation were not significantly increased in subjects treated 
for unstable angina with buffered aspirin in solution. 


PROFESSIONAL WARNING: 


- Occasional reports have documented individuals with impaired gastric emptying in whom there may 


be retention of one or more enteric-coated aspirin caplets over time. This phenomenon may occur as 


- aresult of outlet obstruction from ulcer disease alone or combined with hypotonic gastric peristal- 


sis. Because of the integrity of the enteric coating in an acidic environment, these caplets may accu- 
mulate and form a bezoar in the stomach. Individuals with this condition may present with 
complaints of early satiety or of vague upper abdominal distress. Diagnosis may be made by endos- 
copy or by abdominal films, which show opacities suggestive of a mass of small caplets.3 Manage- 
ment may vary according to the condition of the patient. Options include gastrotomy and alternating 
slightly basic and neutral lavage.4 While there have been no clinical reports, it has been suggested 
that such individuals may also be treated with parenteral cimetidine (to reduce acid secretion) and 
then given sips of slightly basic liquids to effect gradual dissolution of the enteric coating. Progress 
may be followed with plasma salicylate levels or via recognition of tinnitus by the patient. 


It should be kept in mind that individuals with a history of partial or complete gastrectomy may pro- 
duce reduced amounts of acid and therefore have less acidic gastric pH. Under these circumstances, 
the benefits offered by the acid-resistant enteric coating may not exist. 


REFERENCES: 

1. Data on file, Glenbrook Laboratories. 2. Aspirin Myocardial Infarction Study Research Group: A 
randomized, controlled trial of aspirin in persons recovered from myocardial infarction. JAMA 
1980;245:661-669. 3. Bogacz K, Caldron P: Enteric-coated aspirin bezoar: Elevation of serum salic- 
ylate level by barium study. Am J Med 1987;83:783-786. 4. Baum J: Enteric-coated aspirin and the 
problem of gastric retention. J Rheumatol 1984;11:250-251. 
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CARDIOLOGIST — Vacancy exists for a Board Certified/Board 
Eligible Cardiologist at this 473-bed medical center with a 120- 
bed nursing home care unit. We are affiliated with Temple Uni- 
versity School of Medicine, Hahnemann University School of 
Medicine, Episcopal Hospital, Philadelphia, PA, and have an 
active surgical residency program. In addition to an attractive 
wage, we offer paid malpractice insurance, vacation/sick 
leave, health and life insurance coverage, and an attractive 
retirement package including a tax deferred savings plan. 


Wilkes-Barre is located near Pocono Mountain resort area and 
is within a 275 hour drive of New York City and Philadelphia, PA. 
We offer an unprecedented selection of cultural activities, edu- 
cational institutions and a great variety of affordable residential 
areas. For additional information contact Juan F. De Rojas, 
M.D., Acting Chief, Surgical Service, (717) 824-3521, ext. 
7560. An Equal Opportunity Employer. 


VA Medical Center 
1111 East End Boulevard 
Wilkes-Barre, PA 18711 


Cardiologist—immediate opportunity for dynamic, pacemaker 
trained, BC/BE physician to join busy solo practice affiliated with a 
250-bed regional referral hospital in Central Maine. The area offers the 
perfect combination of professional challenge and recreational re- 
treat. A competitive compensation package is offered. To inquire, for- 
ward your letter and C.V. to Michael Lemieux, M.D., 76 High Street, 
Suite 203, Lewiston, ME 04240 or phone 207-795-2389 and ask for 
Shannon Tamminen. 


CARDIOLOGIST BC/BE—CLINICAL CARDIOLO- 
GY. TO JOIN INVASIVE/NONINVASIVE BC AFRO- 
AMERICAN CARDIOLOGIST. WASHINGTON D.C. 
PO BOX 56195, WASHINGTON, D.C. 20011. 


INVASIVE CARDIOLOGIST: Caylor-Nickel Clinic, a 47 physician multi-spe- 
cialty group, is searching for an invasive cardiologist to join our non-inva- 
sive cardiologist. You will have the opportunity to select new cath lab 
equipment, average 180 caths per year, do invasive and non-invasive work. 
Bluffton is 25 miles from Fort Wayne, Indiana. Dynamic fringe package 
includes attractive salary, new car each year, paid malpractice insurance, 
and more! Call Gregg Kurtz at 800/348-2845. In Indiana, dial 800/552- 
2923. Send CV to Gregg at One Caylor-Nickel Square, Bluffton, IN 467 14. 


CARDIOLOGIST—Non-invasive BE/BC, sought by 
busy cardiology group, suburb of Philadelphia, start 
July 1991. Excellent opportunity. Reply Box 1150, The 
American Journal of Cardiology, 249 W. 17th St., New 
York, N.Y. 10011. 


INVASIVE/NON INVASIVE CARDIOLOGIST, BC/BE, 
wanted for busy South Jersey Cardiology practice. Ex- 
pertise in all aspects of non-invasive Cardiology re- 
quired. Interest in EPS and/or TEE helpful. Initial salary 
leading to partnership. Wanted for July 1991 or sooner if 
available. Respond to Administrator, 1-609-795-2227. 








Image quality that passes 


Whether it's 2-D, Doppler or color flow imag- 
ing, Hewlett-Packard's SONOS phased array 
imaging systems deliver superior resolution 
which results in the absolute clarity, sharpness 
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and precision you need to have total confi- ROS aptly pA is 
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dence in your diagnosis. 


Hewlett-Packard is the leader in cardiac imag- 
ing because our systems continue to redefine 
image quality with innovations that offer car- 
diologists the most advanced capabilities. 
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Acoustic zoom image of mitral and tricuspid regurgitation 
with a 3.5 MHz wide aperture transducer. 





























For example, Hewlett-Packard's frequency AGILITY 
agility capability optimizes color and Doppler 

without compromising 2-D image quality and 
without the need for switching to a lower 
frequency transducer to get the sensitivity 
you need. 


The systems offer you additional capabilities 
like peripheral vascular and transesophageal 
imaging for more diagnostic information. 
And our commitment to upgradability keeps 
you at the forefront of ultrasound imaging 
technology. 
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To learn more, please call us at 1-800-637-3747. 

(In MA, call 1-508-687-1501, ext. 2475.) Or 

contact your local Hewlett-Packard office. 
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clear for you. 
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Steerable continuous-wave Doppler spectrum of mitral 
stenosis with a 3.5 MHz wide aperture transducer. 
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Long axis and short axis views of carotid artery and jugular 
vein with a 7.5 MHz linear array transducer. 
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recision color flow image of aortic insufficiency with a Precision color flow image of MR and TI using a 3.5 MHz wide 
.5 MHz wide aperture transducer. aperture transducer with frequency agility. 
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ransesophageal color flow image of the mitral valve and left Diastolic and systolic color flow image of pulmonary insuffi- 
entricular outflow tract with a 5.0 MHz TEE transducer. ciency using dual sector format. 
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increase in heart rate and no “‘first-dose phenomenon," concomitant with 
the stimulation of urinary kallikrein and no modification of serum and 
urinary electrolytes and no change in the renin-angiotensin-aldosterone 
system. 


VALVULAR HEART DISEASE 


162 

Effect of Mitral Regurgitation and Volume Loading on 
Pressure Half-Time Before and After Balloon Valvotomy in 
Mitral Stenosis 

Thomas Wisenbaugh, Martin Berk, Rafique Essop, Shirley Middlemost, 
and Pinhas Sareli 


Doppler pressure half-time (PHT) is commonly used to assess mitral valve 
area (MVA), but the reliability of PHT has recently been challenged, 
specifically in the setting of balloon valvotomy, where hemodynamics have 
been abruptly altered. We therefore examined the effect of short-term 
alterations in filling pressures on PHT in 18 patients, using high-fidelity 
micromanometer measurements of left atrial and left ventricular pressure 
both before and immediately after valvotomy. Volume loading produced 
significant increases in left atrial pressure (+42 and +66%, before and 
after valvotomy, respectively), cardiac output and mitral gradient, and 
produced modest but significant decreases in PHT (—16 and —16%, 
before and after valvotomy, respectively). Underestimation of valve area 
by 220/PHT was improved by volume loading. The correlation between 
MVA measured by the Gorlin formula and that by 220/PHT was only 
fair, particularly after valvotomy, and especially in the presence of mitral 
regurgitation, when the Gorlin formula underestimated valve area com- 
pared with 220/PHT and to 2-dimensional echocardiography. 
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Sudden Death During Empiric Amiodarone Therapy in 
Symptomatic Hypertrophic Cardiomyopathy 

Lameh Fananapazir, Martin B. Leon, Robert O. Bonow, Cynthia M. 
Tracy, Richard O. Cannon Ill, and Stephen E. Epstein 


This study examines the results of amiodarone treatment in 50 hypertro- 
phic cardiomyopathy (HC) patients with refractory symptoms. Twenty- 
one patients had ventricular tachycardia (VT) during ambulatory Holter 
monitoring. Amiodarone significantly improved symptoms and exercise 
performance (p «0.001). However, 8 patients died (7 suddenly) during a 
mean follow-up of 2.1 + 1.8 years. Six of the 7 sudden deaths occurred 
within 5 months after starting treatment. The 2-year survival rate in 
patients with VT on Holter was significantly worse than the survival rate 
in patients without VT on Holter (62 vs 9796 at 2 years; p «0.01 ). It is 
concluded that, although empiric amiodarone therapy results in functional 
improvement in highly symptomatic HC patients, it is associated with a 
significant early incidence of sudden death. 
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Value of Electrophysiologic Studies in Hypertrophic 
Cardiomyopathy Treated with Amiodarone 

Lameh Fananapazir and Stephen E. Epstein 


Electrophysiologic studies were performed in 35 patients with hypertro- 
phic cardiomyopathy ( HC) before and during amiodarone therapy. Ami- 
odarone abolished paroxysmal atrial arrhythmias in 6 of 6 patients. How- 
ever, amiodarone caused serious atrioventricular conduction abnormali- 
ties in 7 patients (20%) and facilitated ventricular tachycardia (VT) 
induction in 18 patients (5196). These latter patients could not be identi- 
fied by Holter studies. With the drug, induced VT was slower and more 
frequently monomorphic but still associated with hemodynamic collapse 
in all patients. During a follow-up period of 20 + 28 months, amiodarone 
was discontinued in 7 patients because of adverse effects. Additionally, 4 
of 18 patients in whom VT induction was easier with amiodarone died or 
had appropriate shocks by an implanted defibrillator device (1-year event- 
free rate of 71% compared to 100% in the remaining 17 patients, p «0.05 ). 
It is concluded that electrophysiologic studies are therefore necessary 
when initiating amiodarone in patients with HC, because the results 
identify patients taking amiodarone who are at high risk for sudden death 
due to heart block or malignant ventricular arrhythmias. 
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Rarity of Preclinical Alcoholic Cardiomyopathy in Chronic 
Alcoholics «40 Years of Age 

Manuel D. Cerqueira, George D. Harp, James L. Ritchie, John R. 
Stratton, and R. Dale Walker 


Preclinical alcoholic cardiomyopathy, myocardial damage in the absence 
of overt congestive heart failure in chronic alcoholics, is present at necrop- 
sy, but attempts to identify such an entity before death have produced 
conflicting results. In a group of chronic alcoholics aged «40 years and 
carefully selected to exclude coronary artery disease and hypertension, 
preclinical alcoholic cardiomyopathy is rare. Systolic and diastolic left 
ventricular function at rest and chamber size and wall thickness were 
normal. During maximal supine bicycle exercise, 3 of 25 alcoholics had 
abnormal systolic function but normal diastolic function. Serum and red 
blood cell levels of selenium and thiamine, 2 potential mediators of alco- 
holic cardiomyopathy, were within normal limits in all alcoholics. Repeat 
testing after 4 weeks of abstinence from alcohol showed persistence of the 
exercise-induced abnormal response in 2 of the 3 alcoholics. These results 
do not support the existence of a high occurrence of preclinical alcoholic 
cardiomyopathy in asymptomatic chronic alcoholics aged «40 years. 
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Prognostic Value of Thallium-201 Perfusion Defects in 
Idiopathic Dilated Cardiomyopathy 

Yoshinori L. Doi, Taishiro Chikamori, Jun Takata, Yoshihiro Yonezawa, 
Jan D. Poloniecki, Toshio Ozawa, and William J. McKenna 


To assess the prognostic significance of thallium-201 perfusion defects in 

patients with idiopathic dilated cardiomyopathy (IDC), 43 patients un- 

derwent thallium scintigraphy in addition to clinical, echocardiographic, 
Continued on page A37 
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CAPOTEN* TABLETS 


Captopril Tablets 

INDICATIONS: Hypertension-CAPOTEN (captopril) is indicated for the treatment of hypertension. 
Consideration should be given to the risk of neutropenia/agranulocytosis (see WARNINGS). CAPOTEN is ef- 
fective alone and in combination with other antihypertensive agents, especially thiazide-type diuretics. 
Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in patients 
who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN should generally 
be added to both of these agents except when digitalis use is poorly tolerated or otherwise not feasible. 


= CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this product 


or any other angiotensin-converting enzyme inhibitor (e.g., a patient who has experienced angioedema 
during therapy with any other ACE inhibitor. 


WARNINGS: Angioedema-Angioedema involving the extremities, face, lips, mucous membranes, tongue, 


. . glottis or larynx has been seen in patients treated with ACE inhibitors, including captopril. If angioedema 


involves the tongue, glottis or larynx, airway obstruction may occur and be fatal. Emergency therapy, in- 


— cluding but not necessarily limited to, subcutaneous administration of a 1:1000 solution of epinephrine 


. . should be promptly instituted. 
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ia/Agranulocytosis-Neutropenia (« 1000/mm?) with myeloid hypoplasia has resulted from use 
of captopril. About half of the neutropenic patients developed systemic or oral cavity infections or other 
features of the syndrome of agranulocytosis. The risk of neutropenia is dependent on the clinical status 
of the patient: 
In clinical trials in patients with hypertension who have normal renal function (serum creatinine less than 
1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in one patient out of over 
8,600 exposed. In patients with some degree of renal failure (serum creatinine at least 1.6 mg/dL) but 
no collagen vascular disease, the risk in clinical trials was about 1 per 500. Doses were relatively high 
in these patients, particularly in view of their diminished renal function. In patients with collagen vas- 
cular diseases (e.g., systemic lupus erythematosus, scleroderma) and impaired renal function, neu- 
tropenia occurred in 3.7% of patients in clinical trials. While none of the over 750 patients in formal clinical 
trials of heart failure developed neutropenia, it has occurred during the subsequent clinical experience. 
Of reported cases, about half had serum creatinine 2 1.6 mg/dL and more than 75% received pro- 
cainamide. In heart failure, it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with myeloid hy- 
poplasia and frequently accompanied by erythroid hypoplasia and decreased numbers of megakaryocytes 


pele (e.g. hypoplastic bone marrow and pancytopenia); anemia and thrombocytopenia were sometimes seen. 


Is generally returned to normal in about 2 weeks after captopril was discontinued, and serious 


. .. infections were limited to clinically complex patients. About 13% of the cases of neutropenia have ended 


fatally, but almost all fatalities were in patients with serious illness, having collagen vascular disease, renal 
failure, heart failure or immunosuppressant therapy, or a combination of these complicating factors. 
Evaluation of the ive or heart failure patient should always include assessment of renal 
function. If captopril is used in patients with impaired renal function, white blood cell and differential counts 
should be evaluated prior to starting treatment and at approximately 2-week intervals for about 3 months, 


then periodically. In patients with collagen vascular disease or who are exposed to other drugs known to 


affect the white cells or immune response, particularly when there is impaired renal function, captopril should 
be used only after an assessment of benefit and risk, and then with caution. All patients treated with cap- 
topril should be told to report any signs of infection (e.g., sore throat, fever). If infection is suspected, per- 
form white cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil count « 1000/mm) 
withdraw captopril and closely follow the patient's course. 


Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. About 
90% of affected patients had evidence of prior renal disease or received high doses (> 150 mg/day), or both. 
The nephrotic syndrome occurred in about one-fifth of proteinuric patients. In most cases, proteinuria sub- 
sided or cleared within 6 months whether or not captopril was continued. The BUN and creatinine were sel- 
dom altered in proteinuric patients. Since most cases of proteinuria occurred by the 8th month of therapy 
with captopril, patients with prior renal disease or those receiving captopril at doses > 150 mg per day, should 
have urinary protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possible conse- 
quence of captopril use in salt/volume depleted persons (such as those treated vigorously with diuretics), 
patients with heart failure or those patients undergoing renal dialysis. (See PRECAUTIONS [Drug 
Interactions].) In heart failure, where the blood pressure was either normal or low, transient decreases in 
mean blood pressure >20% were recorded in about half of the patients. This transient hypotension is more 
likely to occur after any of the first several doses and is usually well tolerated, although rarely it has been 
associated with arrhythmia or conduction defects. A starting dose of 6.25 or 12.5 mg tid may minimize 
the hypotensive effect. Patients should be followed closely for the first 2 weeks of treatment and when- 
ever the dose of captopril and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: Impaired Renal Function-Hypertension-Some hypertensive patients with renal 
disease, particularly those with severe renal artery stenosis, have developed increases in BUN and serum 
to reduce captopril dosage and/or discontinue diuretic. For some of these 
patients, normalization of blood pressure and maintenance of adequate renal perfusion may not be pos- 
sible. Heart Failure-About 20% of patients develop stable elevations of BUN and serum creatinine >20% 
above normal or baseline upon long-term treatment. Less than 596 of patients, generally with severe pre- 

isting renal disease, required discontinuation due to progressively increasing creatinine. See DOSAGE 
AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Hyperkalemia: Elevations 
in serum potassium have been observed in some patients treated with ACE inhibitors, including capto- 
pril. When treated with ACE inhibitors, patients at risk for the development of hyperkalemia include those 
with: renal insufficiency; diabetes mellitus; and those using concomitant potassium-sparing diuretics, 
potassium supplements or potassium-containing salt substitutes; or other drugs associated with increases 
in serum potassium. (See PRECAUTIONS: Drug Interactions; ADVERSE REACTIONS: Altered Laboratory 
Findings.) Valvular Stenosis-A theoretical concern, for risk of decreased coronary perfusion, has been noted 
regarding vasodilator treatment in patients with aortic stenosis due to decreased afterload reduction. 
Surgery/Anesthesia-If hypotension occurs during surgery or anesthesia, and is considered due to the ef- 
fects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension-Patients on Diuretic Therapy-Precipitous reduction of blood pressure may 
occasionally occur within the 1st hour after administration of the initial captopril dose in patients on diuretics, 
especially those recently placed on diuretics, and those on severe dietary salt restriction or dialysis. This 
possibility can be minimized by either discontinuing the diuretic or increasing the salt intake about 1 week 
prior to initiation of captopril therapy or by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, 
provide medical supervision for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity-In heart failure patients, vasodilators should be administered with caution. 

ae Causing Renin Release-Captopril's effect will be augmented by antihypertensive agents that cause 
renin release. 

Agents Affecting Sympathetic Activity-The sympathetic nervous system may be especially important in 
supporting blood pressure in patients receiving captopril alone or with diuretics. Beta-adrenergic block- 
ing drugs add some further antihypertensive effect to captopril, but the overall response is less than ad- 
ditive. Therefore, use agents affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic 
neuron blocking agents) with caution. 

nts Increasing Serum Potassium-Give potassium-sparing diuretics or potassium supplements only 
for mented hypokalemia, and then with caution, since they may lead to a significant increase of serum 
potassium. Use potassium-containing salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis-Indomethacin and other nonsteroidal anti- inflammatory 
agents may reduce the antihypertensive effect of captopril, especially in low renin hypertension. 


Lithium-Increased serum lithium levels and symptoms of lithium toxicity have been reported in patients 
receiving concomitant lithium and ACE inhibitor therapy. These drugs should be coadministered with cau- 
tion and frequent monitoring of serum lithium levels is recommended. If a diuretic is also used, it may in- 
crease the risk of lithium toxicity. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 to 1350 
mg/kg/day in mice and rats failed to show any evidence of carcinogenic potential. Studies in rats have re- 
vealed no impairment of fertility. 


Pregnancy: Category C: Embryocidal effects and craniofacial malformations were observed in rabbits. 
Human Experience-There are no adequate and well-controlled studies of captopril in pregnant women. 
Data are available that show captopril crosses the human placenta. Captopril should be used during preg- 
nancy only if the potential benefit justifies the potential risk to the fetus. 

Based on post-marketing experience with all ACE inhibitors, the following information has been collected. 
Inadvertent exposure limited to the first trimester of does not appear to affect fetal outcome adversely. 
Fetal exposure during the second and third trimester of pregnancy has been associated with fetal and neona- 
tal morbidity and mortality. j 

When ACE inhibitors are used during the later stages nf pregnancy, there have been reports of hy- 
potension and decreased renal perfusion in the newborn. Oligohydramnios in the mother has also been 
reported. Infants exposed in utero to ACE inhibitors should be closely observed for hypotension, oliguria 
and hyperkalemia. If oliguria occurs, attention should be directed toward support of blood pressure and 
renal perfusion with the administration of fluids and pressors as appropriate. Problems associated with 
prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE in- 
hibitors but it is not clear whether they are related to ACE inhibition, maternal hypertension or the under- 
lying prematurity. 

There is no experience with exchange transfusion, hemodialysis or peritoneal dialysis for removing cap- 
topril from the neonatal circulation. 


Nursing Mothers: Concentrations of captopril in human milk are approximately one percent of those in 
maternal blood. Because of the potential for serious adverse reactions in nursing infants from captopril, a 
decision should be made whether to discontinue nursing or to discontinue the drug, taking into account 
the importance of CAPOTEN to the mother. (See PRECAUTIONS: Pediatric Use.) 


Pediatric Use: Safety and effectiveness in children have not been established. There is limited experi- 
ence reported in the literature with the use of captopril in the pediatric population; dosage, on a weight 
basis, was generally reported to be comparable to or less that that used in adults. 

Infants, especially newborns, may be more susceptible to the adverse hemodynamic effects of capto- 
pril. Excessive, prolonged and unpredictable decreases in blood pressure and associated complications, 
including oliguria and seizures, have been reported. 

CAPOTEN (captopril) should be used in children only if other measures for controlling blood pressure 
have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approximately 7000 
patients. 

Renal-About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, renal fail- 
ure, nephrotic syndrome, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic-Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, thrombocytopenia, 
and pancytopenia have been reported. 

Dermatologic-Rash, (usually maculopapular, rarely urticarial), often with pruritus, and sometimes with 
fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and dose), usually dur- 
ing the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 patients. A reversible associated 
pemphigoid-like lesion, and photosensitivity, have also been reported. Flushing or pallor in 2 to 5 of 1000 
patients. 

Cardiovascular-Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug Interactions] for 
discussion of hypotension with captopril therapy. Tachycardia, chest pain, and palpitations each in about 
1 of 100 patients. Angina pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart fail- 
ure each in 2 to 3 of 1000 patients. 

Dysgeusia-Approximately 2 to 4 (depending on renal status and dose) of 100 patients developed a 
diminution or loss of taste perception; taste impairment is reversible and usually self-limited even with con- 
tinued drug use (2 to 3 months). 

Angioedema-Angioedema involving the extremities, face, lips, mucous membranes, tongue, glottis or 
larynx has been reported in approximately one in 1000 patients. Angioedema involving the upper airways 
has caused fatal airway obstruction. (See WARNINGS.) 

Cough-Cough has been reported in 0.5-2% of patients treated with captopril in clinical trials. 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at increased 
frequency compared to placebo or other treatments used in controlled trials: gastric irritation, abdominal 
pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizziness, headache, 
malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alopecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below by body system. 
In this setting, an incidence or causal relationship cannot be accurately determined. 


General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident/insufficiency, rhythm disturbances, ortho- 
static hypotension, syncope. 

Dermatologic: Bullous pemphigus, erythema multiforme (including Stevens-Johnson syndrome), axfo- 
liative dermatitis, 

Gastrointestinal: Pancreatitis, glossitis, dyspepsia. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Jaundice, hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 


As with other ACE inhibitors, a syndrome has been reported which may include: fever, myalgia, arthral- 
gia, interstitial nephritis, vasculitis, rash or other dermatologic manifestations, eosinophilia and an elevated, 
ESR. Findings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum potassium, es- 
pecially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume or sait de- 
pleted patients or those with renovascular hypertension may occur. Rapid reduction of longstanding or 
markedly elevated blood pressure can result in decreases in the glomerular filtration rate and, in turn, lead 
to increases in BUN or serum creatinine. 7 

Hematologic: A positive ANA has been reported. 

Ao d Tests: Elevations of liver transaminases, alkaline phosphatase, and serum bilirubin have 
occurred. ! 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. infusion of 
normal saline is the treatment of choice for restoration of blood pressure. Captopril may be removed from 
the general circulation by hemodialysis. > 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before meals. in hy- 
pertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; see DOSAGE AND AD- 
MINISTRATION section of package insert for detailed information regarding dosage in hypertension and 
in heart failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosage adjustments 
are recommended for patients with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of: 12.5 mg in bottles of 100 and 1000; 25 mg in bottles of 100, 1000, 
and 5000; 50 mg in bottles of 100 and 1000; 100 mg in bottles of 100; and in UNIMATIC* unit-dose packs 
of 100 tablets. (J3-658U) 
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Put our SSH-140A Cardiovascular Ultrasound System to the test. Take it through narrow door- 
ways. Into the OR. Try out its bedside manners in the ICU. Because unlike other “portables” 
who think just adding wheels can make them mobile (picture a refrigerator and you get the 
idea), Toshiba is truly portable. Test drive the technology that made us tops in laptop compu- 
ters. It allows us to shrink the size and expand your diagnostic capabilities and confidence. Even 
our swivel monitors give you a great view without having to move the entire system. Compare 
the total picture. Side-by-side. Head-to-head. Any way you look at it. When you judge Por- 
tability, Image Quality, Technology and Reliability—Toshiba is the only system that stands the 


test. So give us a call at 1-800-426-6026. We'll give you a demo that will really move you. 


TOSHIBA 


ULTRASOUND 


TOPS. TOETO TOE. 


Y 


NS 








CONTENTS/ABSTRACTS 


angiographic and hemodynamic evaluation. Eleven patients had no signif- 
icant thallium-201 perfusion abnormality, 19 had multiple small defects 
and 13 had a large defect. During 3.2 + 2.2 years, 14 patients had disease- 
related mortality. The patients who died had a higher incidence of ventric- 
ular tachycardia, increased cardiothoracic ratio, decreased fractional 
shortening, increased pulmonary wedge and left ventricular end-diastolic 
pressures, and abnormal thallium-201 perfusion defects. Stepwise dis- 
criminant analysis revealed that the combination of increased cardiotho- 
racic ratio, increased left ventricular end-diastolic pressure, decreased 
posterior wall thickness and ventricular tachycardia was the best predictor 
of disease-related mortality. These results indicate that thallium-201 per- 
fusion defects in patients with IDC are associated with a poor prognosis, 
but do not add to the predictability of conventional measurements. 
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Usefulness of Color-Flow Doppler in Diagnosing and in 
Differentiating Supracristal Ventricular Septal Defect from 
Right Ventricular Outflow Tract Obstruction 

Achi Ludomirsky, Lloyd Tani, Daniel J. Murphy, and James C. Huhta 


The transeptal jet in supracristal ventricular septal defect (VSD) is direct- 
ed toward the pulmonary valve and is often difficult to distinguish from 
the right ventricular (RV) outflow tract flow. Our study describes the 
color-flow Doppler characteristics of supracristal VSD and determines if 
color-flow Doppler can differentiate supracristal VSD jets from RV out- 
flow tract flow. We studied 28 consecutive patients, with catheter-diag- 
nosed supracristal VSD in 14 and RV outflow tract obstruction in 14. 
Two-dimensional echocardiography, pulsed- and continuous-wave Dopp- 
ler with and without color-flow Doppler were compared with catheteriza- 
tion diagnosis. VSD and RV outflow jets could be differentiated by 
pulsed- and continuous-wave Doppler alone in 10 of 14 patients (7196). In 
4 patients, differentiation was possible only with color-flow Doppler and 
electrocardiographic gating. Color-flow Doppler is essential for the local- 
ization, assessment and accurate echocardiographic differentiation of 
transeptal jets from RV outflow tract flow. 


MISCELLANEOUS 


EDO. L0 V coim iae ou s zu c eS OS 
Accuracy of Assessment of Cardiac Vagal Tone by Heart Rate 
Variability in Normal Subjects 

Junichiro Hayano, Yusaku Sakakibara, Akira Yamada, Masami Yamada, 
Seiji Mukai, Takao Fujinami, Kiyoko Yokoyama, Yosaku Watanabe, and 
Kazuyuki Takata 


The correlations of time and frequency domain indexes of RR interval 
variability under controlled respiration (0.25 Hz) with pharmacologically 
determined cardiac vagal tone were examined in 15 normal subjects at 
supine rest. The time domain indexes (standard deviation, coefficient of 
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variance and mean successive difference) and the frequency domain in- 
dexes (square root of power, coefficient of component variance and mean 
amplitude) of the high-frequency (0.25 Hz) spectral component strongly 
correlated with vagal tone (r = 0.87, 0.81, 0.92, 0.91, 0.85 and 0.86, 
respectively; p «0.001 for indexes). Principal component analysis showed 
that their variance is explained by a single principal component closely 
related to vagal tone. These results indicate that both time and frequency 
domain analyses provide an accurate and common measure of cardiac 
vagal tone at rest. 
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IN INTRA-ARTERIAL AND INTRAVENOUS STUDIES, 
NONIONIC CONTRAST MEDIA HAD A LOWER INCIDENCE 
OF ADVERSE REACTIONS 

THAN CONVENTIONAL IONIC MEDIA. 


All nonionic iodinated contrast 


media currently available 
inhibit blood coagulation, in 
vitro, less than ionic contrast 
media. Clotting has been 
reported when blood remains 
in contact with syringes 
containing nonionic contrast 
media. Therefore, meticulous 
intravascular administration 
technique is necessary to 
minimize thromboembolic 
events. 


*Definition of serious reactions: VT/VF, 
asystole, extreme bradycardia, complete 
heart block, neurologic, hypotension/ 
CHF severe allergic, coronary occlusion, 
deaths. 

VT/VF — Ventricular tachycardia/ 
ventricular fibrillation. 
CHF -— Congestive heart failure. 


tDefinition of low risk: patients presenting 
with chest pain undergoing elective 
cardiac catheterization. 








In a study of 5,963 cardiac catheterization patients. .. 

THOSE RECEIVING ISOVUE-3 70 (iopamidol injection 76%) HAD A 4 TIMES LOWER INCIDENCE 

OF SERIOUS REACTIONS" THAN PATIENTS RECEIVING IONIC CONTRAST MEDIA. 
Incidence of Serious Contrast-Related Reactions 


Adapted from Bashore! 


"m 


Reactions (%) 


lonic ISOVUE | 
N=2650 N=3313 


<.. even in a population at low ris? for significant events related to contrast 
agents, the routine use of topamidol in the cardiac catheterization lab was 
associated with a significant reduction in complications. ... ! 


In 337.647 patients receiving intravenous contrast injections .. 
PATIENTS WITH UNDERLYING HEART DISEASE HAD A 5 TIMES LOWER 
INCIDENCE OF SEVERE REACTIONS* WITH NONIONICS THAN Nin IONICS. 


Severe Adverse Drug Reactions in Patients with Underlying Heart Disease - 


Adapted from Katayama? SEE E x Sen 
a 058 p<0.01 
lonic = 
169,284 


Nonionic = 
168,363 
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Nonionic 
N=5010 


Severe ADR incidence was greater in patients with underlying heart disease 
than in those with other underlying diseases in both ionic and nonionic groups 


In 109,546 patients receiving intravenous contrast injections. .. 
HIGH-RISK PATIENTS RECEIVING NONIONIC MEDIA HAD A 3 TIMES LOWER 
INCIDENCE OF SEVERE REACTIONS* THAN LOW-RISK PATIENTS RECEIVING 
AN IONIC. 
tDefinition of reactions: 


Severe Reactions in High- and Low-Risk Patients Severe: one or more of the following 


Adapted from Palmer’ 0.09 p<0 02 symptoms requiring treatment: 

x ' dyspnea, sudden loss of blood 
pressure, cardiac arrest and loss 
of consciousness. 
lonic = Very severe: those cases of severe 
79,278 adverse reactions where intervention 
"ca of an anesthesiologist or hospitalization 
Nonionic — was required. 
30.268 Severe and very severe reactions were 
grouped together by Dr. Katayama 
for analysis. 


SDefinition of severe reactions: urgent 
therapy required and considered at 
risk. Hospital admission required. 
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N=Number of patients receiving 
specific contrast media. 


N=77,910 N=15,080 
Low-Risk lonic High-Risk 
Nonionic 





THREE DIFFERENT SOURCES, 
ONE CONSISTENT FINDING 


GREATER SAFETY 


NONIONIC 


ISOMGE -370 


(iopamidol injection 76%) 


* * As with all injectable contrast agents, the possibility of severe reactions should be 
borne in mind, regardless of patient’s preexisting medical history. 


Please see final page for brief summary of prescribing information. 


















M WARNINGS—Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic 
= contrast media. Clotting has been reported when blood remains in contact with syringes containing 
. nonionic contrast media. 
mm .. Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have been 
RÀ - reported during angiographic procedures with both ionic and nonionic contrast media. Therefore, 
—— meticulous intravascular administration technique is necessary, particularly during angiographic pro- 
cedures, to minimize thromboembolic events. Numerous factors, including length of procedure, cath- 
. eter and syringe material, underlying disease state, and concomitant medications may contribute to 
the development of thromboembolic events. For these reasons, meticulous angiographic techniques 
. are recommended including close attention to guidewire and catheter manipulation, use of mani- 
: 1 fold systems and/or three way stopcocks, frequent catheter flushing with heparinized saline solu- 
— tions, and minimizing the length of the procedure. The use of plastic syringes in place of glass 
. syringes has been reported to decrease but not eliminate the likelihood of in vitro clotting. 
E - Use caution in patients with severely impaired renal function, combined renal and hepatic disease, 
ity or anuria, particularly when larger doses are administered. Radiopaque diagnostic contrast agents 
~ are potentially hazardous in patients with multiple myeloma or other paraproteinemia, particularly in 
E those with therapeutically resistant anuria. It has been speculated that the combination of the con- 
_ trast agent and dehydration may be causative of anuria in myelomatous patients. This risk is not a 
is contraindication; however, special precautions are required. Contrast media may promote sickling in 
Uu individuals who are homozygous for sickle cell disease when injected intravenously or intraarterially. 
A Administration to patients known or suspected of having pheochromocytoma should be performed 
— with extreme caution. If the possible benefits outweigh the considered risks, the procedures may be 
$ performed; however, the amount of the medium injected should be kept to an absolute minimum. 
— Assess blood pressure throughout the procedure and have measures for treatment of a 
. hypertensive crisis available. Monitor such patients very closely. Use caution in patients with hyper- 
. thyroidism or with an autonomously functioning thyroid nodule because of risk of thyroid storm. 


— PRECAUTIONS: General—Diagnostic procedures should be carried out under the direction of per- 
sonnel with the prerequisite training and a thorough knowledge of the particular procedure to be 
performed. Appropriate facilities should be available for coping with any complication of the proce- 
f Pul or for emergency treatment of severe reaction to the agent itself. After parenteral administra- 
- tion, competent personnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. Preparatory dehydration is dangerous and may contrib- 
ff ute to acute renal failure in susceptible patients. Patients should be well hydrated prior to and fol- 
lowing administration. Reactions to the medium, including serious, life-threatening, fatal, 
"  anaphylactoid or cardiovascular reactions, should always be considered (see ADVERSE REACTIONS 
in the product package insert). Patients at increased risk include those with a history of a previous 
A reaction to a contrast medium, a known sensitivity to iodine per se, and a known clinical 
$ . hypersensitivity (bronchial asthma, hay fever, and food allergies). Pretesting cannot be relied upon 
ee . to predict severe reactions and may itself be hazardous for the patient. A thorough medical history 
with emphasis on allergy and hypersensitivity prior to the injection of any contrast medium may be 
. more predictive and accurate than pretesting. Premedication with antihistamines or corticosteroids 
to avoid or minimize possible allergic reactions in such patients should be considered. General anes- 
_ thesia may be indicated in some procedures in selected patients; however, a higher incidence of 
fo adverse reactions has been reported in anesthetized patients, which may be attributable to the 
P inability of the patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
... which can reduce cardiac output and increase the duration of exposure to the agent. Even though 
the osmolality is low compared to diatrizoate or iothalamate based ionic agents of comparable iodine 
— concentration, the potential transitory increase in the circulatory osmotic load in patients with 
- congestive heart failure requires caution during injection. Observe these patients for several hours 
-. following the procedure. In angiographic procedures, be aware of the possibility of dislodging plaques 
. or damaging or perforating the vessel wall during catheter manipulations and contrast medium injec- 
tion. Test injections to ensure proper catheter placement are suggested. 
— Theinhibitory effects of nonionic contrast media on mechanisms of hemostasis have been shown, 
p vitro, to be less than ionic contrast media at comparable concentrations. For this reason, stand- 
ard angiographic procedures should always be followed: angiographic catheters should be flushed 
. frequently and prolonged contact of blood with contrast in syringes and catheters should be avoided. 
_ Perform selective coronary arteriography only in those in whom the expected benefits outweigh the 
procedural risk. The inherent risks of angiocardiography in patients with chronic pulmonary emphy- 
= sema must be weighed against the necessity for performing this procedure. Angiography should be 
— avoided whenever possible in patients with homocystinuria, because of the risk of inducing throm- 
. . bosis and embolism. 
... . In addition to the general precautions previously described, special care is required when 
.... venography is performed in patients with suspected thrombosis, phlebitis, severe ischemic disease, 
f local infection or a totally obstructed venous system. 
a Extreme caution during injection of contrast media is necessary to avoid extravasation and fluo- 
= roscopy is recommended. This is especially important in patients with severe arterial or venous 
disease. 


: 
ia 
E: Drug Interactions—Renal toxicity has been reported in a few patients with liver dysfunction who were 


_ given oral cholecystographic agents followed by intravascular contrast agents. Administration of 
intravascular agents should therefore be postponed in any patient with a known or suspected 
. hepatic or biliary disorder who has recently received a cholecystographic contrast agent. Other drugs 
-should not be admixed with iopamidol. 


^ Test Interactions—PB! and radioactive iodine uptake studies will not accurately 
k — reflect thyroid function for up to 16 days following administration, however T3 resin uptake and total 
. . or free thyroxine (T4) assays are not affected. Any test which might be affected by contrast media 
—— should be performed prior to administration of the contrast media. 


-= Carcinogenesis, enesis, Impairment of Fertility—in animal reproduction studies performed 

a on rats, intravenously administered iopamido! did not induce adverse effects on fertility or general 

. reproductive performance. In studies to determine mutagenic activity, iopamidol did not cause any 
. increase in mutation rates. 


A Pregnancy B—No teratogenic effects attributable to iopamidol have been observed in tera- 
2 .. tology studies performed in animals. There are, however, no adequate and well controlled studies in 
. pregnant women. It is not known whether iopamidol crosses the placental barrier or reaches fetal 
- tissues. Because animal studies are not always predictive of human response, this drug should be 
. used during pregnancy only if clearly needed. Radiologic procedures involve a certain risk related to 
othe exposure of the fetus to ionizing radiation. 
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Labor and Dellvery—!t is not known whether use during labor or delivery has immediate or delayed 
adverse effects on the labor, the delivery or the newborn. 


Nursing Mothers—!t is not known whether iopamidol is excreted in human milk. Use caution when 
contrast media are administered to nursing women because of potential adverse reactions; consid- 
eration should be given to temporarily discontinuing nursing. 


denen Use—Safety and effectiveness in children has been established in pediatric angiocardi- 
ography. 

Pediatric patients at higher risk of experiencing adverse events during contrast medium adminis- 
tration may include those having asthma, a sensitivity to medication and/or allergens, cyanotic heart 
pes ra pila heart failure, a serum creatinine greater than 1.5 mg/dL or those less than 12 
months of age. 


ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angiocardiography 
(597 patients), the adverse reactions with an estimated incidence of one percent or higher are: hot 
flashes 3.496; angina pectoris 3.096; flushing 1.896; bradycardia 1.396; hypotension 1.096; hives 1.096. 
Intravascular injection is frequently associated with the sensation of warmth and pain, especially in 
peripheral arteriography and venography; pain and warmth are less frequent and less severe with 
ISOVUE (iopamidol injection) than with diatrizoate meglumine and diatrizoate sodium injection. The 
following table of incidence of reactions is based on clinical studies with ISOVUE in about 1941 
patients. 


Adverse Reactions 
Estimated Overall Incidence 

System 2196 <1% 

Cardiovascular none tachycardia, hypotension, hypertension, myocardial 
ischemia, circulatory collapse, S-T segment 
depression, bigeminy, extrasystoles, ventricular 
fibrillation, angina pectoris, bradycardia, transient 
ischemic attack, thrombophlebitis 

Nervous pain (2.8%) vasovagal reaction, tingling in arms, grimace, 

burning sensation (14%) faintness 

Digestive nausea (12%) vomiting, anorexia 

Respiratory none throat constriction, dyspnea, pulmonary edema 

Skin and none rash, urticaria, pruritus, flushing 

Appendages 
Body as hot flashes (15%) headache, fever, chills, excessive sweating, 
a Whole back 

Special Senses warmth (11%) taste alterations, warmth in throat/arms/ chest, 
nasal congestion, visual disturbances 

Urogenital none urinary retention 


Regardless of the agent employed, overall estimated incidence of serious adverse reactions is 
higher with coronary arteriography than with other procedures. Cardiac decompensation, serious 
arrhythmias, or myocardial ischemia or infarction may occur during coronary arteriography and left 
ventriculography. Following coronary and ventricular injections, certain electrocardiographic changes 
(Increased QTc, Increased R-R, T-wave amplitude) and certain hemodynamic changes (decreased 
systolic pressure) occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently after ventric- 
ular iopamidol injections. In aortography, the risks of procedures also include injury to the aorta and 
neighboring organs, pleural puncture, renal damage including infarction and acute tubular necrosis 
with oliguria and anuria, accidental selective filling of the right renal artery during the translumbar 
procedure in the presence of preexisting renal disease, retroperitoneal hemorrhage from the 
translumbar approach, and spinal cord injury and pathology associated with the syndrome of trans- 
verse myelitis. Adverse effects reported in literature include arrhythmia, arterial spasms, hematuria, 
periorbital edema, involuntary leg movement, malaise, and triggering of deglutition; some of these 
may be procedural. Other reactions due to procedural hazards include hemorrhage or pseudo- 
aneurysms at the puncture site, brachial plexus palsy following axillary artery injections, chest pain, 
myocardial infarction, and transient changes in hépatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest. 


General Adverse Reactions To Contrast Media—Reactions known to occur with parenteral adminis- 
tration of iodinated ionic contrast agents (see the listing below) are possible with any nonionic agent. 
Life-threatening reactions and fatalities, mostly of cardiovascular origin, have occurred. Reported 
incidences of death from the administration of other iodinated contrast media range from 6.6 per 1 
million (0.00066%) to 1 in 10,000 patients (0.01%). Most deaths occur during injection or 5 to 10 
minutes later, the main feature being cardiac arrest with cardiovascular disease as the main aggra- 
vating factor. Isolated reports of hypotensive collapse and shock (est. 0.00596) are found in the lit- 
erature. Experience with iopamidol suggests there is much less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography. Fewer changes are noted in ventricular function after ventric- 
ulography and coronary arteriography. The reported incidence of adverse reactions to contrast media 
in patients with a history of allergy is twice that for the general population; patients with a history of 
previous reactions to a contrast medium are three times more susceptible. Most reactions to 
intravascular contrast agents appear within 1-3 minutes after the start of injection, but delayed reac- 
tions may occur (see PRECAUTIONS, General). Adverse reactions reported with other intravascular 
contrast agents and theoretically possible with iopamidol include: Cardiovascular: vasodilation, cer- 
ebral hematomas, petechiae; Nervous: paresthesia, dizziness, convulsions, paralysis, coma; 
Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, rhinitis; 
Skin and Appendages: injection site pain, usually due to extravasation and/or erythematous swell- 
ing, skin necrosis; Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, pain; Special 
Senses: bilateral ocular irritation; lacrimation; conjunctival chemosis, infection, and conjunctivitis; 
Other: neutropenia, thrombophlebitis, flushing, pallor, weakness, severe retching and choking, wheez- 
ing, cramps, tremors, and sneezing. 

full prescribing information consult package insert. (J3-652H) 
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The Unstable ST Segment Early After 
Thrombolysis for Acute Infarction and 
Its Usefulness as a Marker of Recurrent 
Coronary Occlusion 


Ki-ik Kwon, MD, S. Benedict Freedman, MB, PhD, lan Wilcox, MB, Kevin Allman, MB, 
Ann Madden, SRN, Grant S. Carter, MB, and Phillip J. Harris, MB, DPhil 


To investigate the incidence of early recurrent ST 
elevation after intravenous thrombolytic therapy 
for acute myocardial infarction, 12-lead electrocar- 
diograms were continuously monitored for 571 + 
326 minutes in 31 patients presenting within 4 
hours of symptom onset. The study group com- 
prised 9 women and 22 men (mean age + standard 
deviation 53 + 12 years), with ST elevation (anteri- 
or in 15, inferior in 16) on the initial electrocardio- 
gram, who were given either tissue plasminogen 
activator (22 patients) or streptokinase (9 pa- 
tients). Angiography was performed in 30 of 31 
patients at 7 to 10 days. 

Early («3 hours) resolution of ST elevation oc- 
curred in 19 patients (61%) at a median of 94 min- 
utes (interquartile range 57 to 113) after throm- 
bolysis, whereas 12 (39%) had no or late (^6 
hours) resolution. Eleven of the 19 with early reso- 
lution (5896) had either transient (5 patients) or 
sustained (6 patients) recurrences of ST elevation. 
Recurrent ST elevation was equal to or more than 
the initial peak elevation in 9 of 11 patients, and 
>75% of initial peak in 2. A total of 25 episodes of 
recurrent ST elevation were observed in the 11 pa- 
tients (19 transient and 6 sustained episodes), of 
which 8 (3296) were silent. The proportion of silent 
episodes was similar for transient (35%) and sus- 
tained (3396) recurrences. All patients with sus- 
tained recurrent ST elevation had at least 1 preced- 
ing transient recurrence. The median duration of 
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transient recurrent ST elevation was 43 minutes 
(28 to 63). The median time from initiating throm- 
bolysis to the first transient recurrence was 151 
minutes (40 to 192), and 328 minutes (120 to 704) 
to sustained recurrence. Recurrent ST elevation 
was associated with a delay in time to peak cre- 
atine kinase, and sustained recurrent ST elevation 
was associated with reduced arterial patency and 
worse residual stenosis at 7- to 10-day angiogra- 
phy. Recurrent ST elevation occurred in 10 of 15 
patients with early ST resolution given tissue plas- 
minogen activator despite conventional heparin 
therapy administered to 9. Transient recurrent ST 
elevation after ST resolution from thrombolysis is 
common, may be silent or prolonged, and may 
presage sustained recurrent ST elevation. This 
marked lability of ST segments probably represents 
recurrent coronary occlusion. 

(Am J Cardiol 1991;67:109-115) 


dial infarction reduces mortality and preserves left 

ventricular function,!- but optimal results depend 
on maintaining the patency of the infarct-related ar- 
tery.^5 Early reocclusion has been reported in a variable 
proportion, ranging from 6 to 45% of patients," !! and 
may negate the benefits of recanalization. The occur- 
rence and precise timing of this event is usually estimat- 
ed from noninvasive assessments of symptoms, periodic 
electrocardiograms and secondary creatine kinase in- 
creases, which may be relatively insensitive. Invasive in- 
vestigation by angiography is the standard technique to 
determine reocclusion, but is possible only once or twice 
and can only be performed over a limited time period. 
In contrast, continuous ST-segment monitoring could 
provide a better temporal clue to the occurrence of this 
arterial event early after thrombolysis. In this study, we 
continuously monitored the 12-lead electrocardiogram 
after intravenous thrombolytic therapy for acute infarc- 
tion and demonstrated a marked instability of ST seg- 


[sss thrombolytic therapy for acute myocar- 
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ments, with frequent episodes of recurrent ST-segment 
elevation, both symptomatic and silent, in the first 24 
hours after infarction. 


METHODS 

Patients: We studied 31 patients (9 women, 22 men, 
mean age + standard deviation 53 + 12 years) given 
intravenous thrombolytic therapy for acute infarction 
(anterior in 15 and inferior in 16). Criteria for adminis- 
tration of thrombolytic therapy were: (1) typical isch- 
emic chest pain lasting >15 minutes, (2) arrival at hos- 
pital within 4 hours of symptom onset, (3) ST elevation 
>0.2 mV in 22 anterior chest leads or >0.1 mV in =2 
inferior limb leads, and (4) no contraindications to 
thrombolytic therapy. Intravenous tissue plasminogen 
activator (10 mg bolus followed by an infusion of 50 mg 
over | hour, then 40 mg over 2 hours) was given to 22 
patients, whereas 9 received intravenous streptokinase 
(1.5 million units over 1 hour). In the first 23 patients, 
5,000 units of heparin were given as a bolus before 


GROUP A 


II*III*AVF 


ST4 


minutes 


GROUP C 


ST4 II-*III-*AVF 


minutes 


starting thrombolytic therapy, and an infusion (1,000 
units/hour for 24 hours) was begun immediately after 
administration of tissue plasminogen activator or strep- 
tokinase, with dose adjustment according to the activat- 
ed partial thromboplastin time. For the remaining 8 pa- 
tients, 300 mg of aspirin was administered orally and 
chewed before tissue plasminogen activator or streptoki- 
nase, and in 3 of these patients, subcutaneous injection 
of calcium heparin (12,500 units twice daily) was begun 
12 hours after starting thrombolytic therapy. 

Electrocardiographic analysis: Conventional 12- 
lead electrocardiograms were recorded on presentation 
and just before thrombolytic therapy. ST elevation was 
measured at the J point, and the sum of ST elevation 
was obtained in all leads except aVR. The electrocar- 
diogram showing the maximum summed ST elevation 
was selected for comparison with subsequent electrocar- 
diograms. 

Continuous 12-lead ST monitoring (ID-12 electro- 
cardiograph, Mortara Instrument Co., Milwaukee) was 


GROUP B 
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minutes 
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FIGURE 1. Representative trend plots of summed ST-segment elevation in microvolts for patients with early ST resolution and 
no recurrent ST elevation (group A), early resolution and either transient recurrent ST elevation (group B) or sustained recurrent 
ST elevation (group C), and patients with no early ST resolution (group D). X axis is time in minutes after onset of symptoms. 
The initial point on the graph is summed ST elevation measured from the initial baseline conventional 12-lead electrocardiogram. 
This is joined by a dotted line to the first point recorded from the ST monitor. Arrows indicate the initiation of thrombolytic 
therapy. On the trend graph for the group B patient, the letters A, B, C and D indicate points for which the corresponding elec- 


trocardiogram is shown in Figure 2. 
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begun in all patients as soon as practical after patient 
presentation. The use of this device to detect recurrent 
ST elevation after angioplasty and thrombolysis has 
previously been reported." This monitor scanned the 
12-lead electrocardiogram at 20-second intervals, stor- 
ing the electrocardiogram whenever significant ST-seg- 
ment change (20.1 mV in 22 leads or 20.2 mV in 1 
lead) was detected, or otherwise at 10-minute intervals. 
The alarm mode of the monitor was disabled, so clinical 
staff were unaware of ST-segment changes. Monitoring 
was performed for a mean of 571 + 326 minutes (+ 
standard deviation). After completion of the record- 
ing, the electrocardiograms and ST measurements were 
transmitted to an IBM personal computer. The software 
allowed us to construct trend recordings of ST-segment 
elevation in individual or grouped electrocardiogram 
leads against time, and to view any stored electrocardio- 
gram for verification of peaks and troughs in the trend 
recordings. Trend recordings for summed ST-segment 
elevation were obtained in all patients, using time 
from onset of symptom as the X axis. Examples of trend 
recordings and stored 12-lead electrocardiograms are 
shown in Figures 1 and 2. 





The following arbitrary definitions were used to de- 
scribe the patterns seen in the summed ST elevation 
trend recordings: resolution of ST elevation — decrease 
in summed ST-segment elevation to <25% of peak val- 
ue; early ST resolution = resolution to <25% of peak 
value within 3 hours of commencing thrombolytic ther- 
apy; recurrence of ST elevation = increase in summed 
ST elevation after first resolution to >75% of peak val- 
ue; transient recurrence — recurrence of ST elevation 
followed by resolution; sustained recurrence = recur- 
rence not followed by resolution. 

Clinical observation and creatine kinase measure- 
ment: A chart was kept by nursing staff to record the 
timing, duration and treatment of chest pain after ad- 
mission. This was compared with ST changes in the 
trend recording to determine the relation of symptoms 
with recurrences of ST elevation, and the therapy given. 
Blood samples for serum creatine kinase measurements 
were taken before thrombolytic therapy, at 4-hour inter- 
vals for the first 24 hours, and at 12-hour intervals for 
the next 48 hours. 

Coronary angiography: Selective coronary angiog- 
raphy was performed before hospital discharge at 7 to 





FIGURE 2. Representative 12-lead electrocardiograms (ECG) from the patient with early ST resolution and transient recurrent 
ST elevation whose trend plot is shown in Figure 1 (top right, group B). Electrocardiograms marked A, B, C and D refer to 
points A, B, C and D indicated at troughs and peaks of the trend plot in Figure 1 for the group B example (fop right). The peaks 
and troughs of summed ST elevation accurately reflect changes in the 12-lead ECG. 
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Early Resolution 


No 
Recurrence 


Number 

Infarct site 
Anterior 
Inferior 

Treatment 


3 0 
1,358 + 205 
14.84 5.7 


3,576 + 3,036 
11.31 4.4* 


Peak CK (IU / liter) 
Time to peak CK (hours) 


* p <0.05, no recurrence versus transient or sustained recurrence. 


Transient 
Recurrence 


No Early 
Resolution 


Sustained 
Recurrence 


1 5 
1,412 1 1,221 3,505 + 1.892 
18.5+ 5.4 15.8+6.1 


CK = creatine kinase; resolution and recurrence = resolution and recurrence of ST elevation; rt-PA = recombinant tissue-type tissue plasminogen activator; SK = streptokinase. 






Transient 









No. of episodes 19 
No of patients 11 





10 days after infarction in 30 of the 31 patients. One 
patient with no early ST resolution died before sched- 
uled angiography. One independent observer blinded to 
the electrocardiographic data assessed the degree of ste- 
nosis and extent of perfusion in the infarct-related ar- 
tery. The percent luminal diameter narrowing was esti- 
mated by visual inspection. The extent of coronary per- 
fusion was graded on a scale of 0 to 3 according to the 
Thrombolysis in Myocardial Infarction angiographic 
criteria, where grade O represents no anterograde 
flow. 

Statistical analysis: Differences between groups 
were examined either by Student's unpaired ¢ test, or 
the Wilcoxon test. Differences in proportions were ex- 
amined using the exact conditional binomial probability 
‘test as indicated where expected cell frequencies are 
low.!^ P values (2-tailed) «0.05 were considered sig- 
nificant. 


RESULTS 

Summed ST trend recordings: Nineteen patients 
(61%) had early (<3 hours after thrombolysis) resolu- 
tion of ST elevation. The median time to ST resolution 
was 94 minutes (interquartile range 57 to 113). The re- 
maining 12 patients (39%) had either no (9 patients) or 
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Recurrence 


Time to first recurrence 151 minutes (40-192) 328 minutes (120-704) 
Duration of recurrence 43 minutes (28—68) 
Level of recurrent ST? 
< baseline ST! 12 4 
> baseline ST1 7 2 
Anginal pain 
Present 13 (68%) 4 (67%) 
Absent 6 (32%) 2 (33%) 
Treatment 
Sublingual nitrates 12 4 
Intravenous nitrates 4 0 
Intravenous morphine 10 4 


Recurrence = recurrence of ST-segment elevation; values for time to recurrence and duration of recurrence expressed as median (interquartile range). 







Sustained 






6 












late (>6 hours) resolution of ST elevation (3 patients). 
The characteristics of patients with and without early 
resolution are compared in Table I. 

Recurrence of ST elevation (Table Il): Of the 19 pa- 
tients with early ST resolution, 11 (58%) had a total of 
25 episodes of recurrent ST elevation (19 transient and 
6 sustained). All 6 patients with sustained recurrence of 
ST elevation had =1 prior episode of transient recurrent 
ST elevation (10 prior transient episodes in total, mean 
1.7 episodes per patient). Examples of the different pat- 
terns of resolution and recurrence of ST elevation in 
summed ST trend recordings and relevant 12-lead elec- 
trocardiograms are shown in Figures 1 and 2. The level 
of recurrent ST elevation was more than peak ST eleva- 
tion before thrombolytic therapy in 5 patients, equal to 
initial peak level in 4 patients, and between 75 and 
100% of initial peak level in 2 patients. 

Of the 25 episodes of recurrent ST elevation, 17 
(68%) were associated with ischemic pain and 8 (32%) 
were silent. Although no patients had exclusively silent 
recurrences, transient recurrent ST elevation preceding 
sustained recurrence was exclusively silent in 1 patient. 
Pain was treated by either sublingual or intravenous ni- 
trates, or intravenous morphine (Table II). Symptomat- 
ic episodes were longer than silent episodes (69 + 46 vs 





TABLE Ill Results of Late Coronary Angiography 
Early Resolution 


No Transient 
Recurrence 


Recurrence 


Number 

Patency rate (96) 
Mean % stenosis 
Mean TIMI score 


5 


No 
Early 
Resolution 


Sustained 
Recurrence 


100* 
70+ 29! 
2.8 X 0.4! 


* p «0.05; ! p «0.01; no recurrence or transient recurrence versus sustained recurrence or no early resolution. 
Resolution and recurrence as for Table l; TIMI score = thrombolysis in myocardial infarction patency score (see text). 


TIMI = Thrombolysis in Myocardial Infarction trial. 


32 + 23 minutes, p <0.05), but the degree of ST eleva- 
tion was similar in both. In 3 of the 8 silent episodes of 
ST recurrence, the onset occurred within 60 minutes of 
intravenous morphine administration for a symptomatic 
episode when pain recognition may have been impaired. 

Plasma creatine kinase (Table I): Peak creatine ki- 
nase levels differed widely between groups. The time 
from the onset of symptoms to peak creatine kinase lev- 
el was significantly shorter in patients without recurrent 
ST elevation (11.3 + 4.4 hours) than in patients with 
either transient or sustained recurrence (16.9 + 5.6 
hours, p <0.05). 

Coronary angiography (Table III): All patients with 
no recurrence or only transient recurrences of ST eleva- 
tion had patent infarct arteries, compared with 3 of 6 
patients (50%) with sustained recurrence, and 4 of 11 
patients (36%) with no or late ST resolution (p <0.05). 
Of the 4 patients with no or late ST resolution who had 
patent infarct arteries, 2 had late (76 hours) resolution 
of ST elevation, and 2 had partial resolution of ST ele- 
vation to a level >25% of initial peak ST elevation. The 
residual mean percent stenosis was lower in patients 
with no or transient ST recurrences than in patients 
with sustained ST recurrence or no early ST resolution 
(69 + 23% vs 92 + 13%, p <0.01), and the mean angio- 
graphic perfusion score!? was higher (2.8 + 0.4 vs 1.4 + 
1.2, p «0.001), although the difference was less in the 
subset of 7 with sustained ST recurrence or no early 
resolution who had patent arteries (mean percent steno- 
sis = 81 + 14% and mean angiographic score = 2.7 + 
0.5). 

Single versus multiple lead trend recordings: Trend 
recordings for ST elevation of the lead showing maxi- 
mum elevation on the initial electrocardiogram were 
compared with those for summed ST elevation. The 
shape of the single and multiple lead trend plots were 
almost identical in all patients (Figure 3). 

Influence of therapy: The early resolution rate (pro- 
portion of patients with early rapid decrease of ST ele- 
vation) was greater for tissue plasminogen activator (15 
of 22, 68%) than for streptokinase (4 of 9, 44%, differ- 
ence not significant), although study numbers were too 
small to provide sufficient power for a statistically 
meaningful result. The median time to ST resolution in 
these patients was shorter for tissue plasminogen activa- 
tor (70 minutes, interquartile range 48 to 113) than for 
streptokinase (109 minutes, 97 to 118), but again this 
difference was not significant. Of those showing early 
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rapid ST resolution, the proportion developing either 
transient or sustained recurrent ST elevation was great- 
er for those receiving tissue plasminogen activator (10 
of 15, 6790) than for those receiving streptokinase (1 of 
4, 25%, difference not significant), although numbers in 
the 2 groups were again far too small to draw reliable 
conclusions. In the 10 patients with either transient or 
sustained recurrent ST elevation receiving tissue plas- 
minogen activator, this occurred despite concomitant 
early heparin given to 9 of them. 


DISCUSSION 

The usual course of elevated ST segments in myo- 
cardial infarction is that they resolve to a lower plateau 
level in the first 24 hours,!5-!7 and this occurs irrespec- 
tive of the patency of the infarct-related artery.'? In this 
study, we found a substantial lability of ST segments, 
with transient and sustained recurrences of ST elevation 
after an initial early rapid resolution occurring in almost 
one-third of our patients after intravenous thrombolysis. 
Transient recurrent ST elevation was associated with a 
delayed time to peak creatine kinase compared with ST 
resolution without recurrence, and sustained recurrence 
was associated with reduced late arterial patency and 
angiographic perfusion scores and worse residual steno- 
sis. Although we have no direct evidence, the most likely 
cause of the recurrent ST elevation after thrombolysis is 
reocclusion of the infarct-related artery. 

In an experimental model of myocardial infarction, 
Maroko et al! showed that arterial reocclusion pro- 
duced recurrence of ST elevation to the same level as 
seen during the initial occlusion. That this also occurs in 
humans is supported by 2 previous studies of ST moni- 
toring during intracoronary thrombolysis,'?2?? and in 1 
report after intravenous thrombolysis.!? In our study, all 
episodes of recurrent ST elevation were >75% of the 
initial value, with the majority either equal to or more 
than the initial ST elevation, indicating that these epi- 
sodes likely represent reocclusion. 

Although angiography remains the gold standard for 
definition of reocclusion, it is usually feasible to perform 
this at only 1 or 2 time points. This may be inadequate 
to describe fully the dynamic processes of recanaliza- 
tion, rethrombosis and vasospasm that have been ob- 
served during intracoronary thrombolysis'? and that 
may also occur during intravenous thrombolytic thera- 
py. For example, angiography at 90 minutes as per- 
formed in previous thrombolytic trials!??! may show a 
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patent infarct artery but would miss many of the reoc- 
clusion events as the median time to the first transient 
recurrence of ST elevation in our study was 2'^ hours 
and the median time to sustained reocclusion was 5'^ 
hours. Thus, ST monitoring has a unique advantage in 
offering a continuous and relatively simple noninvasive 
window on the dynamic ST events after thrombolysis, 
which probably represent recurrent coronary occlusions. 

Many of the patients with recurrent ST elevation 
had >1 episode (mean 2 per patient). All patients with 
sustained recurrence had 71 preceding transient recur- 
rence, and over half with a transient episode subse- 
quently developed sustained recurrence of ST elevation. 
Moreover, transient episodes were not always brief, and 
had a median duration of 43 minutes. This indicates 
that transient recurrent ST elevation is not benign and 
may presage sustained recurrent ST elevation. Use of 
continuous electrocardiographic monitoring could detect 
transient recurrences and identify those at possible risk 
of reocclusion, for whom further intervention may be 
appropriate. 

Approximately one-third of both transient and sus- 
tained episodes of recurrent ST elevation in this study 


Group A 


minutes 


Group C 


Boo 1000 1200 


minutes 


were silent and therefore clinically unrecognized. This is 
consistent with angiographic studies of reocclusion, sug- 
gesting that between 36 and 100% are clinically unrec- 
ognized,?2??? although the number would vary accord- 
ing to the care taken to document symptoms. In our 
study, a detailed pain chart optimized our ability to de- 
termine whether an episode was truly silent. A few epi- 
sodes occurred within 1 hour of administration of mor- 
phine, which may have blunted pain perception, but this 
is clinically relevant because morphine is often used for 
pain recurrences. Overall, the mean duration of silent 
episodes was shorter than symptomatic episodes, but 
there was a large overlap, similar to previous findings in 
unstable angina.?^ 

Our data on recurrent ST elevation, although de- 
rived from very small numbers, suggest that tissue plas- 
minogen activator produces ST resolution more rapidly 
and more often than streptokinase, but may be associ- 
ated with more frequent transient or sustained recur- 
rences. Because they lack statistical power, these obser- 
vations can be regarded as merely illustrative, and 
would obviously require confirmation in a larger patient 
group, but assume some importance in the light of pre- 


Group B 


minutes 


Group D 


800 1000 1200 
minutes 





FIGURE 3. Representative trend plots for the same 4 patients in Figure 1 using the single electrocardiographic lead that showed 
maximum ST-segment elevation on the initial electrocardiogram. The y axis is ST elevation in microvolts in the lead indicated. 
The trend patterns for the single lead are nearly identical to the multiple lead summed trend patterns. 
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liminary results from the Italian Group for the Study of 
Streptokinase in Myocardial Infarction-II and Interna- 
tional Trial? indicating equal outcomes for streptoki- 
nase and tissue plasminogen activator. In that study, 
late commencement of heparin leading to early reocclu- 
sion after tissue plasminogen activator might explain 
the results, but our data indicate that early recurrent 
ST elevation after tissue plasminogen activator can 
occur despite standard concomitant heparin therapy. 
More aggressive early heparinization may possibly help 
maintain patency. ST-segment monitoring could cer- 
tainly be a useful investigative tool in comparative trials 
of thrombolytic drugs or adjunctive therapy to prevent 
reocclusion. 

Clinical implications: Early recurrent ST elevation 
after intravenous thrombolytic therapy is common, and 
the incidence may vary between the different thrombo- 
lytic drugs, administration schedules and adjunctive 
therapy used. The underlying cause is probably tran- 
sient or sustained reocclusion, although this requires 
verification in prospective studies. Recurrent ST eleva- 
tion may be transient or sustained, but all sustained re- 
currences appear to be preceded by transient recur- 
rence, which indicates a high risk of this unfavorable 
event. Both transient and sustained recurrent ST eleva- 
tion may be silent, but can be recognized by continuous 
ST monitoring of multiple leads. Monitoring the single 
lead showing maximum initial ST elevation may pro- 
vide similar information. ST monitoring could be used 
- clinically to guide adjunctive antithrombotic or nitrate 
therapy, or to give an early indication of the necessity 
for mechanical recanalization, and could prove useful in 
evaluating results of clinical trials of therapy aimed at 
reducing early or late reocclusion. 
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Interpreting Results of Exercise Studies After 
Acute Myocardial Infarction Altered by 
Thrombolytic Therapy, Coronary 
Angioplasty or Bypass 


Carl J. Lavie, MD, Raymond J. Gibbons, MD, Alan R. Zinsmeister, PhD, 
and Bernard J. Gersh, MB, ChB 


Numerous studies have assessed the ability of ex- 


ercise modalities to predict patient outcome after 
acute myocardial infarction (AMI). Implicit in the 
use of these prior data to assess the prognosis of 
patients currently undergoing exercise studies is 
the assumption that patients selected for exercise 
assessment are similar over time and that the data 
generated in the past are therefore applicable to 
the current patient populations. This study retro- 
spectively assessed the clinical, exercise, and rest 
and exercise radionuclide angiographic data in 791 
consecutive patients referred for exercise radionu- 
clide angiography within 1 month after AMI during 
a 5-year period to determine if the clinical and ex- 
ercise characteristics of patients referred for exer- 
cise evaluation after infarction have changed signif- 
icantly over time. Most parameters examined dem- 
onstrated significant increasing trends, including 
thrombolytic therapy at the time of AMI, revascu- 
larization procedure between AMI and exercise as- 
sessment, age, 6-blocker usage, Q-wave AMI, infe- 
rior infarction, exercise double product, exercise 
capacity, significant ST-segment depression with 
exercise, peak ejection fraction, and change in ejec- 
tion fraction with exercise. These data indicate that 
the characteristics of patients selected to undergo 
exercise after AMI in a large referral center have 
changed significantly over time. If these data are 
applicable to other referral centers and to other ex- 
ercise testing modalities, previously published re- 
sults regarding exercise assessment after AMI will 
need to be reconfirmed in patients currently select- 
ed for testing, since these results may no longer be 
applicable in this current era of aggressive medical 
and interventional management. 

(Am J Cardiol 1991;67:116-120) 
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infarction and death during the first year after 

acute myocardial infarction (AMI).! Numer- 
ous studies have assessed the ability of exercise modal- 
ities (treadmill testing, thallium scintigraphy and radio- 
nuclide angiography) to predict patient outcome after 
AMI. However, a major limitation of almost all of these 
exercise studies in patients after infarction is marked 
selection bias.* Although higher mortality rates in pa- 
tients not referred for exercise testing is a recurrent 
theme in postinfarction studies, there is considerable 
variability in the characteristics of the patients selected 
for testing.?- '? In general, however, patients with signifi- 
cant exercise-induced ischemia have a worse short-term 
prognosis. Therefore, noninvasive exercise testing has 
become part of the standard predischarge assessment of 
patients after AMI. 

Recent studies of patients with AMI have demon- 
strated marked increases in the use of diagnostic proce- 
dures and aggressive intervention.!!-!? Although the use 
of exercise testing in patients after AMI is increasing, 
the data used to assess patient risk were generated be- 
fore the era of aggressive intervention. Implicit in the 
use of these data to assess the prognosis of patients cur- 
rently undergoing exercise studies is the unproved as- 
sumption that patients selected for exercise assessment 
are similar over time and that the data generated in the 
past is therefore applicable to the current patient pop- 
ulations. We retrospectively examined the temporal 
changes in 791 patients referred for exercise radionu- 
clide angiography within 1 month of AMI in our insti- 
tution over a 5-year period to determine if the clini- 
cal and exercise characteristics of these patients were 
changing significantly. 


T is considerable risk of recurrent myocardial 


METHODS 

Study population: The clinical, exercise electrocar- 
diographic, and rest and exercise radionuclide angio- 
graphic data were retrospectively reviewed in all pa- 
tients referred to the Mayo Clinic Nuclear Cardiology 
Laboratory for exercise radionuclide angiography with- 
in 1 month after AMI from January 1, 1982 to Decem- 
ber 31, 1986. The following were grounds for exclusion: 
(1) left bundle branch block or Wolff-Parkinson-White 
syndrome, (2) permanent pacemaker, (3) coronary re- 
vascularization before AMI, (4) significant valvular 


um) 


TABLE I Clinical and Exercise Characteristics and Trends in Patients Undergoing Postinfarction Exercise Radionuclide Angiography 
at Mayo Clinic from 1982 to 1986 


Mean + SD 


Parameter (Median) or (%) 


Clinical 
Age (yr) 59 + 11 (60) 
Males (%) 645 (82) 
B blockers (%) 316 (40) 
Digoxin (%) 55 (12) 
Q-wave MI (%) 517 (66) 
Non-Q-wave MI (76) 273 (35) 
Inferior MI (96) 274 (53) 
Anterior MI (76) 176 (34) 
PTCA or CABG (%) 206 (26) 
Thrombolysis (%) 158 (20) 


Exercise 
Work load (kg /m/min) 


f 
0 
t 
' 
f 
0 
f 
0 
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Median = 400 (range 
100-1200) 

METs (units) 3.2+ 2.3 (2.9) 

Peak work load 2600 kg/m/min (%) 221 (28) 

Peak heart rate 2120 (%) 237 (30) 

Peak heart rate (beats /min) 109 + 18(109) 

Peak double product (HR X SBP) (units) 16,982 + 4,638 (16,365) 

ST depression = 1 mm (%) 211 (27) 

Rest ejection fraction (%) 49 + 14(50) 

Exercise ejection fraction (%) 49 + 16(50) 

A ejection fraction (%) 0.8 + 6.7 (1.0) 

New regional wall motion abnormalities (%) 227 (29) 
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CABG = coronary artery bypass grafting; A = change from rest to exercise; HR = heart rate; METs = a unit of energy equal to 3.5 ml O2/kg-min; MI = myocardial infarction; NS = 
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not significant; PTCA = percutaneous transluminal coronary angioplasty; SBP = systolic blood pressure; t= emais t= decrease; 0 = no trend. 


` heart disease, and (5) technically unsatisfactory studies. 
During the 5-year period, 791 patients (645 men, 146 
women) met the criteria for our study. This study popu- 
lation included patients treated at the Mayo Clinic dur- 
ing the acute stage of their AMI as well as those pa- 
tients initially treated elsewhere and subsequently re- 
ferred to our institution and the Nuclear Cardiology 
Laboratory during the month after AMI. 

Exercise radionuclide angiography protocol: The 
patients exercised by supine bicycle ergometry, and rest 
and exercise radionuclide studies were performed as de- 
scribed in detail elsewhere.!^-?! The exercise electrocar- 
diogram was considered positive for ischemia if there 
was =1.0 mm of downward sloping or horizontal ST- 
segment depression 80 ms after the J point. In the 
presence of resting ST-segment depression, 1.0 mm of 
additional horizontal or downward sloping of the ST- 
segment was required; tests were considered “nondiag- 
nostic” when ST-segment depression occurred in the 
presence of left ventricular hypertrophy or digoxin ther- 
apy. The standard submaximal postinfarction exercise 
protocol began at a work load of 200 kg-m/min and 
increased every 3 minutes in increments of 200 kg-m/ 
min. Exercise was usually terminated at 1 of the follow- 
ing end points: (1) moderate angina, (2) Z2 mm of 
downsloping or horizontal ST-segment depression, (3) 
serious arrhythmias, (4) moderate dyspnea or fatigue, 
or (5) peak heart rate 2120 beats/min or work load of 
600 kg-m/min. The protocol occasionally was modified 
at the discretion of the monitoring physician. 

Analysis of data: We summarized multiple parame- 
ters in 6-month intervals and tested the observed sum- 


mary values for significant trends (linear and quadratic) 
over time using an autoregressive least-squares meth- 
od.? Overall summary data are expressed as mean + 
standard deviation (median), and data were plotted us- 
ing either the median value or the percentage of pa- 
tients with the condition for each 6-month interval dur- 
ing the 5-year study period. 


RESULTS 

The general clinical characteristics of the study pop- 
ulation are summarized in Table I. There was a broad 
range in age (24 to 86 years). Most of the patients were 
men, and most had significant Q waves on the resting 
electrocardiogram. Over half of the Q-wave AMIs were 
inferior in location. A significant number of patients 
had received thrombolytic therapy at the time of AMI 
or had undergone percutaneous transluminal coronary 
angioplasty, either as acute therapy for infarction or 
early thereafter. The mean resting ejection fraction of 
the population was mildly reduced. Less than one-third 
of the population completed the full exercise protocol, 
as determined by either peak heart rate or peak work 
load. 

Most of the clinical, exercise and radionuclide pa- 
rameters showed significant trends over time (Table I). 
The number of studies performed in each 6-month time 
period also increased significantly (p <0.01). There was 
no significant trend in the percentage of patients who 
were men. A significant decrease occurred in the per- 
centage of patients taking digoxin at the time of the 
exercise assessment. All other clinical parameters dem- 
onstrated highly significant increasing trends including 
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patient age, and the percentage of patients (1) taking 8 
blockers at the time of the exercise assessment, (2) who 
received thrombolytic therapy at the time of AMI (Fig- 
ure 1), (3) undergoing revascularization procedures ei- 
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FIGURE 1. Of 791 Mayo Clinic patients referred for exercise 
radionuclide angiography within 1 month after myocardial in- 
farction a significant increased trend was noted in the percent- 
age of patients treated with thrombolytic therapy at the time 
of myocardial infarction (p <0.001). Solid line demonstrates 
the smoothed curve derived from a model incorporating linear 
and quadratic trends. 


Patients treated with PTCA 


1986 


FIGURE 2. A significant increasing trend (p <0.005) was not- 
ed in the percentage of patients treated with percutaneous 
transluminal coronary angioplasty (PTCA) or coronary artery 
bypass grafting (CABG) either at the time of myocardial in- 
farction or shortly thereafter. 


@ Q wave MI 
O Inferior Q wave MI 


Type and location of infarction, % 


FIGURE 3. Significant increasing trends (p <0.001) were not- 
ed for the percentage of patients with Q-wave myocardial in- 
farction (MI) (top, dark circles and solid line; p <0.01) and 
for those with inferior Q-wave infarctions (bottom, open cir- 
cles and dashed line; p <0.001). 
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ther at the time of AMI or shortly thereafter (Figure 
2), (4) with Q-wave AMI (Figure 3), and (5) with infe- 
rior AMI. Although these trends were significant, there 
was considerable scatter in the data, as demonstrated in 
the figures. 

Among the exercise and radionuclide parameters, 
there were no significant trends in resting ejection frac- 
tion (Figure 4), peak work load, percentage of patients 
reaching the peak protocol heart rate or work load, or in 


Exercise change in Resting EF, % 


1983 1984 1986 


Year 





FIGURE 4. The median resting left ventricular ejection frac- 
tion (EF) did not demonstrate any significant trend (top, dark 
circles and solid line), but the change in EF with exercise in- 
creased significantly (p <0.05) (bottom, open circles and 
dashed line). 


Double product, HR x SBP 


1986 


FIGURE 5. The median peak exercise double product, heart 
rate (HR) times systolic blood pressure (SBP), demonstrated a 
significant increasing trend (p <0.001). 


Patients with >1 mm ST-segment 
depression, % 


1986 


FIGURE 6. A significant increasing trend was noted for the 
percentage of patients with significant ST-segment changes 
with exercise (p <0.05). 
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the percentage of patients with new regional wall mo- 
tion abnormalities with exercise. Most of the other ex- 
ercise parameters demonstrated significant increasing 
trends, including peak METs achieved, peak double 
product (Figure 5), percentage of patients with signifi- 
cant ST-segment depression with exercise (Figure 6), 
peak ejection fraction, and the change in ejection frac- 
tion with exercise (Figure 4). Slight increasing trends 
were noted for peak heart rate and for the percentage of 
patients who reached a peak heart rate 2120 beats/ 
min, although these were of borderline statistical signifi- 
cance. Although most of these exercise parameters 
demonstrated significant trends, there was again consid- 
erable scatter in the data. 


DISCUSSION 

Numerous studies of patients after AMI have indi- 
cated that patients with exercise-induced ischemia have 
a worse short-term prognosis.'~!° Although most studies 
demonstrate higher mortality rates in patients not re- 
ferred for exercise testing after infarction than in those 
referred for exercise assessment,??^95? a major limita- 
tion of these data is marked selection bias, which varies 
between studies.^ For example, exercise testing was per- 
formed in 7796 of patients in a study by the Multicenter 
Post-Infarction Research Group; overall mortality dur- 
ing follow-up was 5% in patients referred for exercise 
testing and 14% in those not referred.? In a study from 
the University of California in San Diego, exercise test- 
ing was performed in only 32% of patients; mortality 
was 6% in those referred for exercise testing and 13% in 
those not referred. To our knowledge, previous studies 
have not assessed whether this bias is changing over 
time or whether data generated before the current era 
of aggressive intervention is applicable to current pa- 
tient populations. This study demonstrates that clinical, 
exercise and radionuclide characteristics of patients se- 
lected to undergo exercise radionuclide angiography af- 
ter AMI at our institution have changed significantly, 
thus suggesting that exercise data generated before the 
era of aggressive intervention may no longer be applica- 
ble to current patient populations. 

Recent studies have demonstrated marked increases 
in the use of thrombolytic therapy in patients with 
AMI; the use of coronary revascularization, either as 
acute therapy for AMI or early thereafter, is also in- 
creasing.!!-!? Although the use of exercise studies in pa- 
tients after infarction is increasing, there are only limit- 
ed data regarding the ability of such studies to assess 
the risk of patients treated aggressively. Of the patients 
selected to undergo exercise radionuclide angiography 
at our institution, the percentages of patients who re- 
ceived thrombolytic therapy or coronary revasculariza- 
tion are increasing. Our data do not allow us to ascer- 
tain if any of these changes are "primary" (and thereby 
account for the others) or if they are all "secondary." 
Similar to other institutions, aggressive medical thera- 
py, early catheterization, and intervention are being 
increasingly used at the Mayo Clinic, and many “high- 
risk" patients undergo revascularization procedures 
without prior exercise studies. Among patients selected 
to undergo exercise testing during this time period, the 





percentage of patients with non-Q-wave AMI was de- 
creasing, inferior AMI was increasing, and there were 
trends of higher work load, higher peak ejection frac- 
tion, and greater positive changes in ejection fraction 
with exercise. 

With these changes in patient characteristics, one 
would expect that the percentage of patients who were 
at "lower risk" for subsequent cardiac events was in- 
creasing. Recent studies indicate that the prognosis of 
patients after AMI is improving.” Despite the ap- 
parent trends suggesting a lower risk patient popula- 
tion,?/ 9? the percentage of patients in the current study 
with an ischemic electrocardiographic response to exer- 
cise was increasing. Although previously published stud- 
ies indicate that such a response predicts a worse prog- 
nosis, recent studies suggest that this is true only in cer- 
tain patient subgroups.?'? The prognostic value of 
exercise modalities has not been adequately assessed in 
the current era of multiple medical therapies, aggressive 
intervention and lower risk patients, even though predis- 
charge exercise studies are being increasingly used in 
patients after AMI. 

The major limitation of the present study is the un- 
certainty regarding the generalizability or external va- 
lidity of our findings. We cannot assess whether these 
data are applicable to other referral practices, to popu- 
lation-based practices or to other populations at Mayo 
Clinic. We suspect, however, that similar trends would 
be present elsewhere. In addition, we are not able to 
assess whether our exercise radionuclide angiographic 
data are applicable to thallium scintigraphy or exercise 
electrocardiography. At our institution, exercise radio- 
nuclide angiography was used for most postinfarction 
exercise assessments during the period of our study. 
Finally, we could not determine whether significant 
changes have occurred since the end of 1986, when ex- 
ercise thallium scintigraphy came into increasing use af- 
ter AMI in our institution. 


REFERENCES 


1. Epstein SE, Palmeri ST, Patterson RE. Evaluation of patients after acute 
myocardial infarction. Indications for cardiac catheterization and surgical inter- 
vention. N Engl J Med 1982;307:1487-1491. 

2. The Multicenter Postinfarction Research Group. Risk stratification and surviv- 
al after myocardial infarction. N Engl J Med 1983;309:331-336. 

3. De Busk RF, Kraemer HC, Nash E, Berger WE III, Lew H. Step-wise risk 
stratification soon after acute myocardial infarction. Am J Cardiol 1983; 
52:1161-1166. 

4. Gibbons RJ. Noninvasive exercise testing in cardiac disease. In: Spittell JA, ed. 
Clinical Medicine. vol 6. Philadelphia: Harper & Row, 1985:1-31. 

5. Krone RJ, Gillespie JA, Weld FM, Miller JP, Moss AJ, and the Multicenter 
Postinfarction Research Group. Low-level exercise testing after myocardial in- 
farction: usefulness in enhancing risk stratification. Circulation 1985;71:80-89. 
6. Birk Madsen E, Gilpin E, Ahnve S, Henning H, Ross J. Prediction of functional 
capacity and use of exercise testing for predicting risk after acute myocardial 
infarction. Am J Cardiol 1985;56:839-845. 

7. Theroux P, Waters DD, Halphen C, Debaisieux JC, Mizgala HF. Prognostic 
value of exercise testing soon after myocardial infarction. N Engl J Med 
1979;301:341-345. 

8. Birk Madsen E, Gilpin E. Prognostic value of exercise test variables after 
myocardial infarction. J Cardiac Rehab 1983;3:481 -488. 

9. Birk Madsen E, Gilpin E. How much prognostic information do exercise test 
data add after acute myocardial infarction? Int J Cardiol 1983;4:15-27. 

10. Starling MR, Crawford MH, Kennedy GT, O'Rourke RA. Exercise testing 
early after myocardial infarction: predictive value for subsequent unstable angina 
and death. Am J Cardiol 1980;46:909-9]4. 

11. Sawitz E, Showstack JA, Chow J, Schroeder SA. The use of in-hospital 
physician services for acute myocardial infarction: changes in volume and com- 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 15, 1991 119 


X M E v - 
TA rper 
^ * Ca E 


plexity over time. JAMA 1988;259:2419-2422. 

12. Goldberg RJ, Gore JM, Dalen JE. Current practice patterns in the manage- 
ment of acute myocardial infarction: survey of the American College of Chest 
Physicians. Chest 1987;92:550-554. i 

13. Gore JM, Goldberg RJ, Alpert JS, Dalen JE. The increased use of diagnostic 
procedures in patients with acute myocardial infarction. A community-wide per- 
spective. Arch Intern Med 1987;147:1729-1732. 

14. Federman J, Brown ML, Tancredi RG, Smith HC, Wilson DB, Becker GP. 
Multiple-gated acquisition cardiac blood-pool isotope imaging. Mayo Clin Proc 
1978;53:625-633. 

15. Gibbons RJ, Fyke FE III, Clements IP, Lapeyre AC III, Zinsmeister AR, 
Brown ML. Noninvasive identification of severe coronary artery disease using 
exercise radionuclide angiography. J Am Coll Cardiol 1988;11:28-34. 

16. Pavel DG, Zimmer AM, Patterson VN. In vivo labeling of red blood cells with 
Tc-99m: a new approach to blood pool visualization. J Nucl Med 1977;18:305- 
308. 

17. Callahan RJ, Froelich JW, McKusick KA, Leppo J, Straus HW. A modified 
method for the in vivo labeling of red blood cells with Tc-99m: concise communi- 
cation. J Nucl Med 1982;23:315-318. 

18. Miller TD, Taliercio CP, Zinsmeister AR, Gibbons RJ. Prognosis in patients 
with an abnormal exercise radionuclide angiogram in the absence of significant 
coronary artery disease. J Am Coll Cardiol 1988;12:637-641. 


19. Gibbons RS, Lee KL, Pryor D, Harrell FE, Coleman FE, Cobb FR, Rosati 


RA, Jones RH. The use of radionuclide angiography in the diagnosis of coronary 
artery disease—a logistic regression analysis. Circulation 1983;68:740-746. 
20. Lavie CJ, Oh JK, Mankin HT, Clements IP, Giuliani ER, Gibbons RJ. 
Significance of T-wave pseudonormalization during exercise. A radionuclide angi- 
ographic study. Chest 1988;94:512-516. 

21. Gibbons RJ, Hu DC, Clements IP, Mankin HT, Zinsmeister AR, Brown 
ML. Anatomic and functional significance of a hypotensive response during 
supine exercise radionuclide ventriculography. Am J Cardiol 1987;60:1-4. 
22. SAS/ETS User's Guide (SAS Institute Inc., Cary, NC: 5th ed., 1984) Chap. 
9. PROC AUTOREG. 

23. Elvebeck LR, Connolly DC, Melton LJ. Coronary heart disease in residents 
of Rochester, Minnesota. VII. Incidence: 1950-1952. Mayo Clin Proc 1986;61: 


120 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





896-900. 

24. Gillum RF, Folson A, Luepker RV, Jacobs DR, Kottke TE, Gomez-Marin O, 
Prineas RJ, Taylor HL, Blackburn H. Sudden death and acute myocardial infarc- 
tion in a metropolitan area, 1970-1980. The Minnesota Heart Survey. N Engl J 
Med 1983;309:1353-1358. 

25. Goldberg RJ, Gore JM, Alpert JS, Dalen JE. Incidence and case fatality rates 
of acute myocardial infarction (1975-1984). The Worcester Heart Attack Study. 
Am Heart J 1988;115:761-766. 

26. The Cardiac Arrhythmia Suppression Trial (CAST) Investigators. Prelimi- 
nary report: effect of encainide and flecainide on mortality in a randomized trial of 
arrhythmia suppression after myocardial infarction. N Engl J Med 1989;321: 
406-412. 

27. Corbett JR, Dehmer GJ, Lewis SE, Woodward W, Henderson E, Parkey 
RW, Blomgvist CG, Willerson JT. The prognostic value of submaximal exercise 
testing with radionuclide ventriculography before hospital discharge in patients 
with recent myocardial infarction. Circulation 1981;64:535-544. 

28. Hung J, Goris ML, Nash E, Kraemer HC, DeBusk RF, Berger WE, Lew H. 
Comparative value of maximal treadmill testing, exercise thallium myocardial 
perfusion scintigraphy, and exercise radionuclide ventriculography for distin- 
guishing high- and low-risk patients soon after acute myocardial infarction. Am J 
Cardiol 1984;53:1221-1227. 

29. Corbett JR, Nicod P, Lewis SE, Rude RE, Willerson JT. Prognostic value of 
submaximal exercise radionuclide ventriculography after myocardial infarction. 
Am J Cardiol 1983;52:82A-91A. 

30. Dewhurst NG, Muir AL. Comparative prognostic value of radionuclide 
ventriculography at rest and during exercise in 100 patients after first myocardial 
infarction. Br Heart J 1983;49:111-121. 

31. Klein J, Froelicher VF, Detrano R, Dubach P, Yen R. Does the rest electro- 
cardiogram after myocardial infarction determine predictive value of exercise- 
induced ST depression? A 2-year follow-up study in a veteran population. J Am 
Coll Cardiol 1989:14:305-311. 

32. Krone RJ, Dwyer EM, Greenberg H, Miller JP, Gillespie JA, and the 
Multicenter Post-Infarction Research Group. Risk stratification in patients with 
first non-Q-wave myocardial infarction: limited value of the early low level exer- 
cise test after uncomplicated infarcts. J Am Coll Cardiol 1989;14:31-37. 


B us 
HYPERTENSION 
all b^ Poets 


(vascu To) Vo ION 





ONCE-A-DAY 


(doxazosin mesylate) Seso 8mo 


ASCULOACTION 


TREATS HYPERTENSION 
AT ITS SOURCE... 


THE PERIPHERAL 
ree. 


-eINSTEAD OF THE KIDNEY. 
OF THE CNS. | 





ecrihihA infarmatian an lact nana nf thie adverticamant 


X New vasculoactive CARDURA Smooth 24-hour efficacy' 
lowers blood pressure regardless 
of age or race' 


x Typically lowers systolic blood 
pressure 10 mm Hg and diastolic 
pressure 8 mm Hg, with minimal 
effect on heart rate'? 


Mean change in standing blood 
pressure: CARDURA vs placebo' 


Long-term effect of new CARDURA 
on mean standing blood pressure? 


CARDURA 


E 
\ r ; V r 1 ve 

LARUM. 

(doxazosin mesylate) $203.38 emo 


Vasculoactive at the 
Source of Hypertension 


TAEA: Bien. . to. - 





VASCULOACTIC 


EFFECTIVE BLOOD 
PRESSURE CONTROL 
WITH MINIMAL 
EFFECT ON 


„INSULIN SENSITIVITY. 
CREATININE CLEARANCE. 
POTASSIUM LEVELS. 





X New vasculoactive CARDURA x Minimal impact on patients’ 
has not been associated with lifestyles 


any clinically significant changes * Discontinuation of CARDURA due 
in routine biochemical tests to adverse effects is comparable 
Minimal effect on with placebo— 2% in both 


—glucose metabolism' groups' 


—insulin levels* Most common side effects reported 
—renal function’ in placebo-controlled studies with 


—electrolytes' CARDURA': 
Serum lipid changes CARDURA placebo 
in CARDURA-treated patients'* Dizziness 19% 9% 


Headache 14% 16% 
Fatigue/malaise 12% 6% 
FM (ne) i wees Co Somnolence 5% 1% 
lt =$e OE 4% 3% 
Rhinitis 3% 1% 
Polyuria 2% 0% 
Syncope has been reported, but rarely (<1%). 


NEW, ONCE-A-DAY ~ 
N (R) 
i \ e. [ E ur ve 
— — T a — 
doxazosin mesylate) SSRS amo 


Vasculoactive at the 
Source of Hypertension 





NEW, ONCE-A-DAY 


(doxazosin mesylate) $3493" ne. s... 


Convenient once-a-day dosage 


Most responsive patients are 
controlled with one daily dose of 
4 to 8 mg! 


— recommended initial dose is 


I mg, with dosage range of 1 mg 


to 16 mg per day. 


References: 1. Data available on request from Roerig. 2. Gillin AG, Fletcher PJ 
Horvath JS, et al: Comparison of doxazosin and atenolol in mild hyperten-sion and 
effects on exercise capacity, hemodynamics and left ventricular function. Am J 
Cardio! 1989; 63:950-954. 3. Talseth T: Long-term comparison of doxazosin and 
atenolol in patients with mild or moderate essential hyperten-sion, abstract 
Presented as a scientific exhibit at a program entitled Manage-ment of Coronary 
Heart Disease Risk Factors in Hypertensive Patients: Clinical Experience With 
Doxazosin. London, UK, January 26, 1990. 4. Scheen AJ, Castillo M, Salvatore T, 
et al: Lack of deleterious effects of the alpha1-adreno-ceptor blocking agent 
doxazosin on insulin secretion and insulin sensitivity in healthy men. Current 
Therapeutic Research 1989; 46:200-209. 5. Wilner KD, Ziegler MG: Effects of 
alphay inhibition on renal blood flow and sympathetic nervous activity in systemic 
hypertension. Am J Cardiol 1987; 59:82G-86G 

CARDURA® (doxazosin mesylate) Tablets 

Brief Summary of Prescribing Information 

INDICATIONS AND USAGE 

CARDURA (doxazosin mesylate) is indicated for the treatment of hypertension 
CARDURA may be used alone or in combination with diuretics or beta-adrenergic 
blocking agents. There is limited experience with CARDURA in combination with 
angiotensin converting enzyme inhibitors or calcium channel blockers 
CONTRAINDICATIONS 

CARDURA is contraindicated in patients with a known sensitivity to quinazolines 
(e.g. prazosin, terazosin) 

WARNINGS 

Syncope and "First-dose" Effect: 

Doxazosin, like other alpha-adrenergic blocking agents, can cause 
marked hypotension, especially in the upright position, with syncope 
and other postural symptoms such as dizziness. Marked orthostatic 
effects are most common with the first dose but can also occur when 
there is a dosage increase, or if therapy is interrupted for more than a 
few days. To decrease the likelihood of excessive hypotension and 
syncope, it is essential that treatment be initiated with the 1 mg dose. 
The 2, 4, and 8 mg tablets are not for initial therapy. Dosage should 
then be adjusted slowly (see DOSAGE AND ADMINISTRATION section) 
with increases in dose every two weeks. Additional antihypertensive 
agents should be added with caution. 

Patients being titrated with doxazosin should be cautioned to avoid 
situations where injury could result should syncope occur. 

In an early investigational study of the safety and tolerance of increasing daily 
doses of doxazosin in normotensives beginning at 1 mg/day, only 2 of 6 subjects 
could tolerate more than 2 mg/day without experiencing symptomatic postural 
hypotension. In another study of 24 healthy normotensive male subjects receiving 
initial doses of 2 mg/day of doxazosin, seven (29%) of the subjects experienced 
symptomatic postural hypotension between 0.5 and 6 hours after the first dose 
necessitating termination of the study. In this study 2 of the normotensive subjects 
experienced syncope. Subsequent trials in hypertensive patients always began 
doxazosin dosing at 1 mg/day resulting in a 4% incidence of postural side effects at 
1 mg/day with no cases of syncope 

In multiple dose clinical trials involving over 1500 patients with dose titration 
every one to two weeks, syncope was reported in 0.7% of patients. None of these 
events occurred at the starting dose of 1 mg and 1.296 (8/664) occurred at 
16 mg/day 

If syncope occurs, the patient should be placed in a recumbent 
position and treated supportively as necessary. 

PRECAUTIONS 

General: 

1. Orthostatic Hypotension: 

While syncope is the most severe orthostatic effect of CARDURA, other symptoms 
of lowered blood pressure, such as dizziness, lightheadedness, or vertigo, can 
occur, especially at initiation of therapy or at the time of dose increases. These were 
common in clinical trials, occurring in up to 2396 of all patients treated and causing 
discontinuation of therapy in about 2% 

In placebo controlled titration trials orthostatic effects were minimized by 
beginning therapy at 1 mg per day and titrating every two weeks to 2, 4, or 8 mg per 
day. There was an increased frequency of orthostatic effects in patients given 8 mg 
or more, 1096, compared to 596 at 1-4 mg and 396 in the placebo group 

Patients in occupations in which orthostatic hypotension could be dangerous 
should be treated with particular caution 

If hypotension occurs, the patient should be placed in the supine position and, if 
this measure is inadequate, volume expansion with intravenous fluids or 
vasopressor therapy may be used. A transient hypotensive response is not a 
contraindication to further doses of CARDURA 
2. Impaired liver function: 

CARDURA should be administered with caution to patients with evidence of 
impaired hepatic function or to patients receiving drugs known to influence hepatic 
metabolism (see CLINICAL PHARMACOLOGY). There is no controlled clinical 
experience with CARDURA in patients with these conditions. 

3. Leukopenia/Neutropenia: 

Analysis of hematologic data from patients receiving CARDURA in controlled 
clinical trials showed that the mean WBC (N-474) and mean neutrophil counts 
(N=419) were decreased by 2.4% and 1.0% respectively, compared to placebo, a 
phenomenon seen with other alpha blocking drugs. A search through a data base of 
2400 patients revealed 4 in which drug-related neutropenia could not be ruled out 
Two had a single low value on the last day of treatment. Two had stable, non- 
progressive neutrophil counts in the 1000/mm? range over periods of 20 and 40 
weeks. In cases where follow-up was available the WBCs and neutrophil counts 
returned to normal after discontinuation of CARDURA. No patients became 
symptomatic as a result of the low WBC or neutrophil counts. 

Information for Patients: 

Patients should be made aware of the possibility of syncopal and orthostatic 
symptoms, especially at the initiation of therapy, and urged to avoid driving or 
hazardous tasks for 24 hours after the first dose, after a dosage increase, and after 
interruption of therapy when treatment is resumed. They should be cautioned to 
avoid situations where injury could result should syncope occur during initiation ot 
doxazosin therapy. They should also be advised of the need to sit or lie down when 
symptoms of lowered blood pressure occur, although these symptoms are not 
always orthostatic, and to be careful when rising from a sitting or lying position. If 
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pressure control. 
Prescribe 4 mg once 
daily, if necessary. 
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mize side effects. Evaluate 
supine and standing blood 
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dizziness, lightheadedness, or palpitations are bothersome they should be reported 
to the physician, so that dose adjustment can be considered. Patients should also 
be told that drowsiness or somnolence can occur with doxazosin, requiring caution 
in people who must drive or operate heavy machinery 
Drug Interactions: 
Most (9896) of plasma doxazosin is protein bound. /n vitro data in human plasma 
indicate that CARDURA has no effect on protein binding of digoxin, warfarin, 
phenytoin or indomethacin. There is no information on the effect of other highly 
plasma protein bound drugs on doxazosin binding. CARDURA has been 
administered without any evidence of an adverse drug interaction to patients 
receiving thiazide diuretics, beta blocking agents, and nonsteroidal anti- 
inflammatory drugs 
Drug/Laboratory test interactions: 
None known 
Cardiac Toxicity in Animals: 
An increased incidence of myocardial necrosis or fibrosis was displayed by 
Sprague-Dawley rats after 6 months of dietary administration at concentrations 
calculated to provide 80 mg doxazosin/kg/day and after 12 months of dietary 
administration at concentrations calculated to provide 40 mg doxazosin/kg/day 
(150 times the maximum recommended human dose assuming a patient weight of 
60 kg). There is no evidence that similar lesions occur in humans 
Carcinogenesis, Mutagenesis and Impairment of Fertility: 
Chronic dietary administration (up to 24 months) of doxazosin mesylate at 
maximally tolerated concentrations (highest dose 40 mg/kg: about 150 times the 
maximum recommended human dose of 16 mg/60 kg) revealed no evidence of 
Carcinogenicity in rats. There was also no evidence of carcinogenicity in a similarly 
conducted study (up to 18 months of dietary administration) in mice, The mouse 
Study, however, was compromised by the failure to use a maximally tolerated dose 
of doxazosin. 

Mutagenicity studies revealed no drug- or metabolite-related effects at either 
chromosomal or subchromosomal levels 

Studies in rats showed reduced fertility in males treated with doxazosin at oral 
doses of 20 (but not 5 or 10) mg/kg/day, about 75 times the maximum 
recommended human dose. This effect was reversible within two weeks of drug 
withdrawal. 
Pregnancy 
Teratogenic Effects, Pregnancy Category B. Studies in rabbits and rats at 
daily oral doses of up to 40 and 20 mg/kg, respectively (150 and 75 times the 
maximum recommended daily dose of 16 mg, assuming a patient weight of 60 kg). 
have revealed no evidence of harm to the fetus. The rabbit study, however, was 
compromised by the failure to use a maximally tolerated dose of doxazosin. There 
are no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, CARDURA 
should be used during pregnancy only if clearly needed 

Radioactivity was found to cross the placenta following oral administration of 
labelled doxazosin to pregnant rats 
Nonteratogenic Effects. In peri-postnatal studies in rats, postnatal development 
at maternal doses of 40 or 50 mg/kg/day of doxazosin was delayed as evidenced by 
slower body weight gain and a slightly later appearance of anatomical features and 
reflexes 
Nursing Mothers 
It is not known whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when CARDURA is 
administered to a nursing mother 
Pediatric Use 
Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 
CARDURA has been administered to approximately 4000 patients, of whom 1679 
were included in the clinical development program. In that program, minor adverse 
effects were frequent, but led to discontinuation of treatment in only 796 of patients 
In placebo-controlled studies adverse effects occurred in 4996 and 4096 of patients 
in the doxazosin and placebo groups, respectively, and led to discontinuation in 296 
of patients in each group. The major reasons for discontinuation were postural 
effects (296), edema, malaise/fatigue, and some heart rate disturbance, each about 
0.796 

In controlled clinical trials directly comparing CARDURA to placebo there was no 
significant difference in the incidence of side effects, except for dizziness (including 
postural), weight gain, somnolence and fatigue/malaise. Postural effects and edema 
appeared to be dose related 

The prevalence rates presented below are based on combined data from placebo- 
controlled studies involving once daily administration of doxazosin at doses ranging 
from 1-16 mg. Table 1 summarizes those adverse experiences (possibly/probably 
related) reported for patients in these studies where the prevalence rate in the 
doxazosin group was at least 0.5% or where the reaction is of particular interest 


TABLE 1: ADVERSE REACTIONS DURING PLACEBO CONTROLLED STUDIES 


DOXAZOSIN PLACEBO 


(N-339) (N-336) 
CARDIOVASCULAR Dizziness 19% 9% 
Vertigo 2% 1% 
Postural Hypotension 0.3% 0% 
Edema 4% 3% 
Palpitation 2% 3% 
Arrhythmia 1% 0% 
Hypotension 1% 0% 
Tachycardia 0.3% 1% 
Peripheral Ischemia 0.3% 0% 
SKIN APPENDAGES Rash 1% 1% 
Pruritus 1% 1% 
MUSCULOSKELETAL — Arthralgia/Arthritis 196 0% 
Muscle Weakness 1% 0% 
Myalgia 1% 0% 
CENTRAL & Headache 14% 16% 
PERIPHERAL N.S. Paresthesia 1% 1% 
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DOXAZOSIN PLAI 
(N=339) (N- 
Kinetic Disorders 1% 
Ataxia 1% 
Hypertonia 1% 
Muscle Cramps 1% 
AUTONOMIC Mouth Dry 2% 
Flushin 1% 
SPECIAL SENSES Vision Abnormal 2% 
Conjunctivitis/Eye Pain 1% 
Tinnitus 1% 0: 
PSYCHIATRIC Somnolence 5% 
Nervousness 2% 
Depression 1% 
Insomnia 1% 
Sexual Dysfunction 296 
GASTROINTESTINAL Nausea 3% i 
Diarrhea 2% 
Constipation 1% 
Dyspepsia 1% 
Flatulence 1% 
Abdominal Pain 0% 
Vomitin 0% 
RESPIRATORY Rhinitis 3% 
Dyspnea 1% 
Epistaxis 1% 
URINARY Polyuria 2% 
Urinary Incontinence 1% 
Micturation Frequency 0% 
GENERAL Fatigue/Malaise 12% 
Chest Pain 2% 
Asthenia 1% 
Face Edema 1% 
Pain 2% 


Additional adverse reactions have been reported, but these are, in general 
distinguishable from symptoms that might have occurred in the absence of 
exposure to doxazosin. The following adverse reactions occurred with a freq 
between 0.5% and 1%: syncope, hypoesthesia, increased sweating, agitatio 
increased weight. The following additional adverse reactions were reported ! 
«0.596 of 3960 patients who received doxazosin in controlled or open, short 
long-term clinical studies, including international studies. Cardiovascular S 
angina pectoris, myocardial infarction, cerebrovascular accident; Autonomic 
Nervous System: pallor; Metabolic: thirst, gout, hypokalemia; Hematopoieti 
lymphadenopathy, purpura; Reproductive System: breast pain; Skin Disord 
alopecia, dry skin, eczema; Central Nervous System: paresis, tremor, twitchi 
confusion, migraine, impaired concentration; Psychiatric: paroniria, amnesi; 
emotional lability, abnormal thinking, depersonalization; Special Senses: pa 
earache, taste perversion, photophobia, abnormal lacrimation; Gastrointesti 
System: increased appetite, anorexia, fecal incontinence, gastroenteritis; Re: 
System: bronchospasm, sinusitis, coughing, pharyngitis; Urinary System: rt 
calculus; General Body System: hot flashes, back pain, infection, fever/rigor 
decreased weight, influenza-like symptoms 

CARDURA has not been associated with any clinically significant changes 
routine biochemical tests. No clinically relevant adverse effects were noted ( 
serum potassium, serum glucose, uric acid, blood urea nitrogen, creatinine 
function tests. CARDURA has been associated with decreases in white bloot 
counts (See Precautions) 

OVERDOSAGE 

The oral LDsp of doxazosin is greater than 1000 mg/kg in mice and rats. T 
likely manifestation of overdosage would be hypotension, for which the usui 
treatment would be intravenous infusion of fluid. As doxazosin is highly pro 
bound, dialysis would not be indicated 
DOSAGE AND ADMINISTRATION 
DOSAGE MUST BE INDIVIDUALIZED. The initial dosage of CARDURA i 
hypertensive patients is 1 mg given once daily. Depending on the individual 
patient's standing blood pressure response (based on measurements taken < 
hours postdose and 24 hours postdose), dosage may then be increased to 2 
thereafter if necessary to 4 mg, 8 mg and 16 mg to achieve the desired redut 
blood pressure. Increases in dose beyond 4 mg increase the likelihood of ex 
postural effects including syncope, postural dizziness/vertigo, postural hypc 
Ata titrated dose of 16 mg once daily the frequency of postural effects is abt 
compared to 396 for placebo. 

HOW SUPPLIED 

CARDURA (doxazosin mesylate) is available as colored tablets for oral 
administration. Each tablet contains doxazosin mesylate equivalent to 1 mg 
2 mg (yellow), 4 mg (orange) or 8 mg (green) of the active constituent, doxe 

CARDURA™ TABLETS are available as 1 mg (white), 2 mg (yellow), 4 mg 
and 8 mg (green) scored tablets. Bottles of 100: 1 mg (NDC 0049-2750-66) 
(NDC 0049-2760-66), 4 mg (NDC 0049-2770-66), 8 mg (NDC 0049-2780- 
Recommended Storage: Store below 86°F(30°C) 

CAUTION: Federal law prohibits dispensing without prescription. 
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In-Hospital Symptoms of Psychological Stress as 
Predictors of Long-Term Outcome After Acute 
Myocardial Infarction in Men 


Nancy Frasure-Smith, PhD 


The impact of high levels of psychological stress 


symptoms in the hospital after an acute myocardial 
infarction (AMI) was examined over 5 years among 
461 men who took part in a trial of psychological 
stress monitoring and intervention. Psychological 
stress was assessed using the 20-item General 
Health Questionnaire (GHQ) 1 to 2 days before hos- 
pital discharge. Once discharged, patients in the 
treatment group responded to the GHQ by tele- 
phone on a monthly basis and, when they reported 
high levels of stress symptoms (GHQ 25), received 
visits from nurses to help them deal with their life 
problems. Control patients received routine medical 
care after discharge. Post-hoc subgroup analyses 
based on life-table methods showed that, for pa- 
tients receiving routine care after discharge, high 
stress (GHQ 25) was associated with a close to 
threefold increase in risk of cardiac mortality over 
5 years (p — 0.0003) and an approximately 1.5- 
fold increase in risk of reinfarction over the same 
period (p — 0.09). In contrast, highly stressed pa- 
tients who took part in the 1-year program of 
stress monitoring and intervention did not experi- 
ence any significant long-term increase in risk. Al- 
though program impact was significant in terms of 
reduction of both cardiac mortality (p = 0.006) and 
AMI recurrences (p — 0.004) among highly 
stressed patients, there was little evidence of im- 
pact among patients with low levels of stress in the 
hospital. These results add to the growing body of 
research implicating psychosocial factors in post- 
AMI outcomes, and suggest that the patients who 
can benefit most from interventions to alter these 
factors may be identified before hospital discharge. 
(Am J Cardiol 1991;67:121-127) 
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e recently completed a long-term study of 461 
W men with acute myocardial infarction (AMI) 
who had taken part in a l-year randomized, 
controlled trial of a program of monthly monitoring of 
psychological stress levels coupled with home nursing 
visits for highly stressed patients.'?^ The program signif- 
icantly reduced stress scores, had a marginal impact on 
cardiac mortality over the first postinfarct year, and sig- 
nificantly reduced long-term AMI recurrences. 

The trial’s rationale was that peaks in life stress oc- 
curring after hospital discharge have important conse- 
quences for AMI patients, and that intervention at the 
time of these peaks could make a difference in out- 
comes. It was not expected that high levels of stress in 
the hospital would have any prognostic significance. 
However, recent evidence of the long-term impact of 
life stress before an AMI? suggested 2 post-hoc hypoth- 
eses: first, that among the control patients who received 
routine care, high levels of in-hospital stress would have 
long-term negative prognostic significance; and second, 
that treatment group participation would buffer the 
long-term impact of in-hospital stress, so that, with 
treatment, high levels of stress would not be accompa- 
nied by an increase in long-term risk. 


METHODS 

Treatment program: A major issue in program de- 
velopment was determining how to monitor life stress. 
Although inferring life stress from the occurrence of 
major life changes, such as losing a job or getting a 
divorce, can be a useful approach in studying groups,* 
evidence of individual variation in the meaning of life 
events? led to the selection of a more patient-specific 
approach for clinical purposes. Stress was conceptual- 
ized in terms of the psychological symptoms that people 
having difficulty with life events frequently report (such 
as sleep difficulties, problems concentrating and feelings 
of inadequacy). A standardized questionnaire, the Gen- 
eral Health Questionnaire (GHQ),° was administered 
by telephone on a monthly basis in order to assess 20 
such symptoms. The GHQ was originally developed to 
identify those medical patients most likely to benefit 
from psychiatric treatment. However, research cross- 
validating the GHQ with psychiatric ratings has shown 
that, at times of adverse life events, people without 
psychiatric illness often report as many psychological 
symptoms as do psychiatric patients.’ This has led to 
the interpretation of GHQ scores as indexes of psycho- 


121 


a ae 


logical distress that are more or less transient, depend- 
ing on the life circumstances and personality of the re- 
spondent.® For example, patients are asked, “Over the 
past week, have you recently been able to concentrate 
on whatever you’re doing? Would you say: better than 
usual, same as usual, less than usual, or much less than 
usual?” When the symptom is worse or much worse 
than usual, the patient is considered to have 1 stress 
symptom. Preliminary research using the GHQ among 
post-AMI patients showed that those reporting 25 such 
symptoms were more likely than others to be readmit- 
ted to hospital in the next few months.’ Therefore, for 
the present study, patients with 25 GHQ stress symp- 
toms were considered to have high stress levels and to 
need interventions to reduce stress. 

Interventions for highly stressed patients involved 
home visits from nurses who received no special train- 
ing, but who had experience in coronary care and were 
sensitive to patients’ psychological needs. Because the 
monitored stress symptoms could have been triggered 
by a variety of life problems needing a variety of solu- 
tions, the treatments were matched, in terms of type, 
amount and timing, to the needs of each highly stressed 
patient. The nurses’ mandate was to visit each highly 
stressed patient and to attempt to determine the aspects 
of his life that contributed to his stress. Later, in consul- 
tation with the project team (a psychiatrist, a psycholo- 
gist and other project nurses), nurses did whatever was 
relevant to help each patient with his problems. Nurses 
had their own case loads, and the nursing interventions 
involved an individually tailored combination of teach- 
ing, support and consultation or referral strategies. Vis- 
its continued until the patient’s stress score was brought 
down to normal and until the nurse believed that his 
problems were resolved. Although the average highly 
stressed patient required 5 to 6 hours of nursing over 5 
to 6 months, only about half of the patients had stress 
scores high enough to require visits from nurses during 
the year of stress monitoring. 

Patient population: Sample selection procedures 
have been outlined in previous reports,'? and methodo- 
logic issues and study limitations have also been dis- 
cussed at length.'!? In brief, from November 1977 to 
May 1981, 539 men recovering from an AMI at 3 
McGill University hospitals were randomly assigned to 
treatment or control (routine medical care) conditions 
and asked to take part in the study. Diagnosis of AMI 
was based on the cardiologist's diagnosis at the time of 
discharge from coronary intensive care, and was verified 
by the presence of 2 of the following criteria: typical 
infarct-related pattern of chest pain lasting 230 min- 
utes, usual evolutionary electrocardiographic changes, 
and elevation of the creatine phosphokinase level above 
normal for each hospital. Informed consent was given 
by 83% of treatment patients and 89% of control pa- 
tients, resulting in a final sample size of 461 men (232 
treatment and 229 control) ranging in age from 28 to 
86 years (average 58). Only 25% had attended a univer- 
sity and 82% were married. Twelve percent were diabet- 
ic and 58% reported that they smoked. Twenty-four 
percent had non-Q-wave AMIs. In almost 55%, the 
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AMI was complicated (congestive heart failure, pulmo- 
nary edema, pericarditis, arrhythmias after 48 hours in 
the hospital, ventricular tachycardia, recurrent chest 
pain, pulmonary emboli). Seventy-five percent had no 
previous cardiac hospitalizations. 

Group comparisons of baseline variables showed that 
the control group had a larger proportion of low socio- 
economic status patients, more patients with elevated 
creatine phosphokinase levels and more patients who 
needed diamorphine for cardiac pain after 48 hours in 
the hospital. Although, as discussed elsewhere, '?.'? the 
most likely explanation for these imbalances involves 
the timing of randomization and a consequent differ- 
ence between treatment and control groups in study 
participation rates, these baseline differences require 
statistical control. 

Data collection: All patients were interviewed 1 to 2 
days before discharge using a semistructured question- 
naire that included the GHQ as well as questions to 
assess behavioral risk factors for myocardial infarction 
and demographic, social and psychological variables. 
Other medical and risk factor data, seen as prognosti- 
cally valuable at the time of study design,!! were ob- 
tained from patients’ hospital charts. In addition, be- 
cause of recent evidence suggesting the importance of Q 
waves in determining prognosis, electrocardiograms 
were coded blindly with the modified Minnesota codes 
used in the Diltiazem Reinfarction study.!? Only 6% of 
patients had indeterminate electrocardiograms. Patient 
records in study hospitals, Quebec Medicare data and 
death certificates were used to obtain data on AMI re- 
currences and deaths during the period of the program 
for 98% of the sample. Procedures used to code the data 
were detailed previously.! These same records were used 
to follow patients up to Z5 years after the index AMI, 
at which point losses to follow-up amounted to only 12% 
in each group. 

Data analysis: Record-based outcome data for all 
subjects (including the 27 treated patients who with- 
drew from the study during the program year) were as- 
sessed by life-table methods. Times to the first occur- 
rence of each major outcome (cardiac mortality and 
AMI recurrence regardless of survival) were the depen- 
dent variables. Censoring occurred at the time of loss to 
follow-up. 

Patients were subdivided into high- and low-stress 
groups on the basis of GHQ scores in the hospital. As in 
the treatment program, those with GHQ scores 25 
were considered highly stressed patients and those with 
GHQ scores <5 were considered to be under low stress. 
For each outcome, Kaplan-Meier product-limit survival 
curves were compared for the resulting 4 groups (high- 
stress treatment, low-stress treatment, high-stress con- 
trol, low-stress control) using the generalized Savage 
(Mantel-Cox) test (BMDP Program PIL'^). Signifi- 
cant group differences were explored by a series of 2- 
by-2 comparisons to test the post-hoc hypotheses of in- 
terest. To control for relevant covariates, 4 additional 
analytic steps were taken. 

First, for the pair of groups involved in each survival 
curve comparison, baseline variables were compared in 


TABLE I Relative Risks (with 9596 Confidence Intervals) of Cardiac Mortality and AMI Recurrence Based on Cox Proportional- 
Hazards Regression Analysis* 


Relative Risk of Cardiac Mortality 


Relative Risk of AMI Recurrence 


Comparisons 


Control 
High- vs 
low-stress 
Treatment 
High- vs 
low-stress 
High-stress 
Treatment 
vs control 
Low-stress 
Treatment 
vs control 


2.81 (+ 0.59) 
p = 0.0003 


0.81 (4 0.72) 
p=0.57 


0.36 (+ 0.75) 
p = 0.006 


1.25 (+ 0.54) 
p=0.41 


Adjusted for 
Imbalanced 
Predictors 


2.82 (+ 0.60) 
p = 0.0007 


0.81 (€ 0.72) 
p =0.57 


0.36 (+ 0.75) 
p = 0.006 


1.18 (+ 0.55) 
p=0.56 


Adjusted for 
Imbalances and 
Predictors 


2.11 (+0.61) 
p=0.018 


1.03 (+ 0.76) 
p=0.94 


0.43 (+ 0.82) 
p = 0.046 


1.09 (+ 0.56) 
p 70.76 


1.60 (+ 0.55) 
p — 0.09 


0.68 (+ 0.79) 
p =0.34 


0.32 (+ 0.83) 
p = 0.004 


0.72 (+ 0.49) 
p=0.19 


Adjusted for 
Imbalanced 
Predictors 


1.73 (+ 0.56) 
p 7 0.06 


0.68 (+ 0.79)! 
p =0.34 


0.32 (+ 0.83)! 
p = 0.004 


0.72 (+ 0.49)! 
p 70.19 


Adjusted for 
Imbalances and 
Predictors 


1.55 (+ 0.59) 
p 70.15 


0.79 (+ 0.82) 
p 70.57 


0.57 (+ 0.92) 
p 70.23 


0.74 (+ 0.51) 
p = 0.24 


* See text for a description of covariates for which adjustment was made. 
t None of the significant prognostic variables differentiated the groups. 
AMI = acute myocardial infarction. 


order to identify significant (p <0.05) imbalances in 
background characteristics. Chi-square statistics with 
continuity corrections were used to compare categoric 
variables and ¢ tests were used to compare continuous 
variables. Baseline variables? were: age, marital status, 
occupation, employment status, education, income, fam- 
ily history of coronary artery disease, history of hyper- 
tension, cholesterol level, triglyceride level, diabetes, 
smoking, lack of exercise before the index AMI, body 
mass index, elevated creatine phosphokinase level, sus- 
tained sinus tachycardia in the first 48 hours in the hos- 
pital, persistence of ST-segment elevation, arrhythmias 
after 48 hours, cardiac pain requiring diamorphine after 
48 hours, history of coronary artery disease, type of 
AMI (non-Q/Q wave), the aforementioned AMI com- 
plications, days in the hospital, days in coronary inten- 
sive care and prescription of 8-blocking agents. Because 
exercise stress testing was not routine practice in study 
hospitals at the time of data collection, and because ra- 
dionuclide ventriculography was not available, no data 
were obtained on ejection fractions or ischemic jeopar- 
dy, per se. However, correlates of these risk factors— 
clinical signs of congestive heart failure, persistence of 
ST-segment elevation, recurrent chain pain, history of 
coronary artery disease, need for diamorphine, and non- 
Q-wave infarct—were included. Second, group data for 
each comparison were pooled and analyzed to assess the 
best group of significant (p 0.05) predictors for each 
outcome. Baseline variables were entered into a stepwise 
regression analysis using the Cox proportional-hazards 
regression approach? with backwards elimination by 
the Peduzzi, Hardy and Holford method of computa- 
tion (BMDP Program P2L/!^). Complete data on all 
background variables were available for 349 subjects. 
Third, because of recommendations that in order to 
avoid misleading inferences, covariate control should in- 
clude only variables that are at the same time imbal- 
anced between groups and data set-specific predictors of 
outcome,!ó each life-table comparison was repeated, 
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controlling for those significant baseline differences that 
also predicted outcome. Fourth, for consistency with 
previous work,! analyses controlling all predictors as 
well as all imbalanced variables, regardless of their pre- 
dictive value, were also performed. Results for both ap- 
proaches to covariate control are listed in Table I. 


RESULTS 

Impact of high stress in the control group: As Fig- 
ure 1 shows, the 61 patients who were highly stressed in 
the hospital (that is, those who had GHQ scores 25 of 
20) and who received routine medical care on discharge 
from the hospital had a risk of cardiac death over 5 
years close to 3 times greater than those 168 patients 
who reported lower levels of stress in the hospital. The 
multivariate analyses showed that the independent pre- 
dictors of cardiac death over 5 years among control pa- 
tients were history of coronary artery disease, lack of 
exercise before the index AMI, age, and need for dia- 
morphine. At baseline the high- and low-stress control 
patients differed in age, marital status, presence of new 
Q waves and lack of exercise. Thus, age and lack of 
exercise were the only imbalanced predictors. As Table 
I shows, the increased risk of cardiac mortality associ- 
ated with high stress remained even after control for 
covariates. 

In addition to the marked impact of stress on cardiac 
mortality, highly stressed patients had about 1.5 times 
the risk of reinfarction during the follow-up period. The 
prognostic factors for AMI recurrence were occupation 
and age; thus, the single imbalanced predictor was age. 
Again, as Table I shows, control for covariates had little 
impact on results. Thus, not only was there a highly 
significant stress-related increase in long-term cardiac 
mortality, but there was also a marginally significant 
increase in risk of reinfarction. 

Impact of high stress in the treatment group: 
Among the treatment participants, high- (n = 68) and 
low-stress patients (n — 164) did not differ in their risk 
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of either cardiac mortality or AMI recurrence (Figure 
2). The background variables differentiating the high- 
and low-stress treatment patients were age, family his- 
tory and marital status. The prognostic factors for both 
cardiac mortality and AMI recurrences in the treat- 
ment group included tachycardia and diabetes. Thus, 
within the treatment group there were no imbalanced 
predictors for either outcome. However, even control for 
all predictive and all imbalanced variables did not in- 
crease the risk associated with high stress among treat- 
ment patients (Table I). In short, the increased risk as- 
sociated with stress that was evident in the control 
group was not apparent for treated patients. 
Treatment impact among highly stressed patients: 
A different way of examining the data involves restrict- 
ing comparisons to those treatment and control patients 
who reported high levels of stress in the hospital. 


40 


% Cardiac Mortality 


Among highly stressed patients, the program had a sig- 
nificant long-term impact on both cardiac mortality 
(Figure 3) and AMI recurrences. The variables differ- 
entiating the highly stressed treatment and control pa- 
tients at intake were occupation, lack of exercise before 
the index AMI and marital status. The predictors of 
cardiac death were tachycardia and history of coro- 
nary artery disease. Therefore, there were no imbal- 
anced predictors for cardiac mortality within the highly 
stressed group. For AMI recurrences, the predictors in 
the highly stressed group included tachycardia and tri- 
glyceride level; again, there were no imbalanced predic- 
tors. Although the evidence of treatment impact re- 
mained for cardiac mortality even after control for all 
imbalances and all predictors, for AMI recurrence, con- 
trol for the full group of covariates increased the proba- 
bility associated with program impact to above standard 
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High Stress 
(n=61) Control Patients FIGURE 1. Cumulative cardiac mortality 
20 among control patients with high (General 
Health Questionnaire score 75) and low 
(General Health Questionnaire score «5) 
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Treatment Patients 


FIGURE 2. Cumulative cardiac mortality 
among treatment patients with high (Gen- 
eral Health Questionnaire score >5) and 
low (General Health Questionnaire score 
<5) in-hospital stress. Abbreviation as in 
Figure 1. 
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levels of significance (Table I). This result is difficult to 
interpret, and may represent the sort of misleading out- 
come discussed by Beach and Meier! in their recom- 
mendation to control only for predictors that are also 
imbalanced. In summary, although both the long-term 
risks of cardiac death and AMI recurrence were re- 
duced by >50% among highly stressed patients in the 
program, control for covariates showed that treatment 
impact may have been more marked for cardiac mor- 
tality. 

Treatment impact among patients under low stress: 
Among patients with lower levels of stress, there was 
little evidence of program impact on either cardiac mor- 
tality (Figure 4) or AMI recurrences. At intake the 
treatment and control patients under low stress differed 
in education, occupation, need for diamorphine, and di- 
abetes. The significant prognostic variables for cardiac 


death among patients under low stress were history of 
coronary artery disease, presence of post-AMI compli- 
cations, and diabetes, meaning that the only imbal- 
anced predictor was diabetes. For AMI recurrences, the 
unique risk factor was the number of days in coronary 
intensive care; thus, there were no imbalanced predic- 
tors. However, covariate control did not increase the ev- 
idence of program impact among the group of patients 
under low stress (Table I). In short, the program had 
little effect on these patients. 


DISCUSSION 

Although subject to the usual interpretive cautions 
for secondary analyses,'’:!® as well as study-specific lim- 
itations, ^? the current results fit in well with the pat- 
tern of research implicating psychosocial factors in post- 
AMI outcomes.?/?-?96 We observed that, with routine 
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medical care, patients who reported high levels of stress 
symptoms in the hospital were at substantially increased 
long-term risk for both cardiac mortality and reinfarc- 
tion. Highly stressed patients and those under low stress 
did not differ on measures of disease severity, including 
history of coronary artery disease, post-AMI complica- 
tions and number of days in coronary intensive care. 
Furthermore, the increase in risk associated with high 
stress remained after control for the imbalanced and 
predictive variables in the data set, including the ab- 
sence of new Q waves on the electrocardiogram. Thus, 
these data do not support the view that the stress-relat- 
ed difference in outcome was really associated with a 
difference in physical condition. In addition, the ob- 
served increase in stress-related risk is comparable to 
that reported by Ruberman et al? in their analyses of 
data from the Beta-Blocker Heart Attack Trial, in 
which stress was inferred from a combination of ques- 
tions about job satisfaction, social class and memories of 
the impact of a few recent life events. This similarity of 
results suggests that, whether life stress is inferred from 
life circumstances or from psychological symptoms of 
distress, the negative emotions involved have a major 
long-term impact after an AMI. In fact, recent 1-year 
results from the Cardiac Arrhythmia Pilot Study show 
that, at least among post-AMI patients with significant 
arrhythmias, depressive symptomatology (another form 
of negative emotion) is a predictor of later mortality.*° 
It seems reasonable that this impact could involve both 
the immediate effect of negative emotions on the heal- 
ing process as well as a later effect: Patients who report 
high levels of stress or symptoms of depression in the 
hospital may also be those most likely to experience 
high levels of symptoms later in their lives. This could 
occur because of fairly constant life circumstances like 
persistent or continuing family or job difficulties, or be- 
cause of a tendency to respond strongly to life stressors. 

The second important finding is that the treatment 
program had an impact only among patients who re- 
ported high levels of stress symptoms in the hospital. 
For these patients, program participation decreased the 
long-term risk of cardiac mortality and AMI recurrence 
to that expected for patients under low stress. Further- 
more, although the precise mechanism for program im- 
pact is unknown, the average treated patient had only 1 
to 2 more contacts with physicians during the program 
year than did the average control patient. In addition, as 
reported previously,! there appears to have been little 
difference in risk factor modification between treatment 
and control patients. Thus, available data do not sup- 
port the hypothesis that improved medical care was the 
major factor responsible for program impact. It seems 
equally plausible that the comfort, support and informa- 
tion provided by regular telephone monitoring and visits 
from nurses may have acted to reduce feelings of anxi- 
ety and depression, thus reducing sympathetic arousal. 

Recent evidence of the prognostic significance of si- 
lent ischemia after an AMI,” coupled with the notion 
that silent ischemia may be a precursor of malignant 
arrhythmias, supports the speculation that an ischemic/ 
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arrhythmogenic mechanism could be involved in both 
the long-term impact of stress and program impact. 
This argument is strengthened by the evidence that psy- 
chological stress can trigger or exacerbate episodes of 
silent ischemia, or both.?57? For example, Freeman et 
al?’ found significantly more silent ischemia during the 
period of uncertainty preceding cardiac catheterization 
than when patients were reassessed approximately 1 
month after receiving test results. Furthermore, patients 
who showed the greatest amount of silent ischemia in 
response to uncertainty also had significantly higher 
GHQ-60 scores (a longer version of the stress symptom 
scale used in the present study), perhaps indicating 
greater cardiac susceptibility to life stress. Thus, the re- 
porting of symptoms of psychological stress in response 
to events like hospital admissions may predict vulnera- 
bility to stress-related episodes of myocardial ischemia. 
Coupled with the present results, this suggests that the 
most stress-susceptible post-AMI patients may be iden- 
tified using indexes like the GHQ before hospital dis- 
charge, and that these patients should be offered inter- 
ventions designed to reduce subjective distress. 


Acknowledgment: | gratefully thank Rachel Gar- 
ber, Frangois Lespérance and Raymond Prince for their 
comments on an earlier version of this paper. 
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Effect of Nifedipine on Total Ischemic Activity 
and Circadian Distribution of Myocardial 
Ischemic Episodes in Angina Pectoris 


Richard W. Nesto, MD, Roland T. Phillips, MD, Kevin G. Kett, MD, Lawrence S. McAuliffe, MD, 
Mark Roberts, MD, and Patricia Hegarty, BS 


A randomized, double-blind, crossover study was 


conducted in 10 patients to assess the effect of ni- 
fedipine versus placebo on total ischemic activity 
and circadian distribution of ischemic episodes. Af- 
ter baseline exercise treadmill testing and 48-hour 
ambulatory electrocardiographic ST-segment moni- 
toring, patients received either nifedipine (mean 
dose, 80 mg/day) or placebo administered 4 times 
per day, with the initial dose taken immediately 
upon arising in the morning. Patients were main- 
tained on a stable dose of each study drug for 7 
days, after which they underwent repeat exercise 
treadmill testing and 48-hour ambulatory electro- 
cardiography. During exercise treadmill testing, 
greater exercise duration was achieved by patients 
receiving nifedipine than by those receiving placebo 
(421 + 121 vs 353 + 155 seconds, respectively; p 
«0.05). Time to 21 mm ST depression was signifi- 
cantly greater with nifedipine (282 + 146 seconds) 
than at baseline (130 + 72 seconds, p <0.003) and 
with placebo (150 + 98 seconds, p <0.0005). Dur- 
ing ambulatory electrocardiographic monitoring, ni- 
fedipine reduced both the total number of ischemic 
episodes (18 vs 54 at baseline and 63 with place- 
bo; p <0.02 for both) and the total duration of isch- 
emia (260 vs 874 at baseline and 927 minutes with 
placebo; p <0.02 for both). The surge of ischemia 
between 06:00 and 12:00 noted at baseline and 
during placebo therapy was nearly abolished dur- 
ing nifedipine treatment. Nifedipine at this dosage, 
administered in this manner, is effective in reducing 
total ischemic activity and may prevent morning 
surges of ischemic episodes. 

(Am J Cardiol 1991;67:128-132) 
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electrocardiographic ST-segment monitoring in- 

dicate that the majority of ischemic episodes are 
silent and exhibit a characteristic circadian distribution, 
with isch mic episodes clustered in the early morning 
hours.' This surge of ischemia upon awakening bears a 
striking resemblance to the time of onset of myocardi- 
al infarction and sudden death, suggesting a possible 
pathophysiologic link between ischemia and such unto- 
ward cardiac events.? The presence of ischemia on 
Holter monitoring may confer an additional risk for pa- 
tients with coronary artery disease beyond that predict- 
ed by exercise treadmill testing alone.^? Enthusiasm to 
make ablation of ischemia an end point of therapy has 
emerged because of these data." We performed a ran- 
domized, double-blind, crossover comparison of nifedi- 
pine versus placebo to assess the effect of treatment on 
total ischemic activity and the time course of ischemia 
throughout the day. 


Rex studies using out-of-hospital ambulatory 


METHODS 

Patient selection: Ten patients from the cardiology 
service at New England Deaconess Hospital were en- 
rolled in the study. All patients had characteristic angi- 
na pectoris. Coronary artery disease was documented by 
coronary arteriography (>70% reduction in luminal di- 
ameter of 21 major coronary artery), a positive exercise 
test (21 mm flat or downsloping ST depression) within 
3 months of study entry or previous myocardial infarc- 
tion. Excluded from the study were patients with a left 
main coronary artery narrowing 250%, previous surgi- 
cal coronary revascularization or percutaneous translu- 
minal coronary angioplasty, myocardial infarction with- 
in 2 months or concomitant serious illnesses. Patients 
with left ventricular hypertrophy by voltage, repolariza- 
tion abnormalities (such as left bundle branch block) or 
abnormal baseline ST segments as detected by electro- 
cardiography, and those with conditions known to influ- 
ence the ST segment (including concomitant use of dig- 
italis, diuretic drugs, and so forth) were also excluded 
from the study, as were patients taking 6 blockers. Pa- 
tients discontinued long-acting nitrates and calcium an- 
tagonists 23 days before entry. Written, informed con- 
sent was obtained from all patients, and the protocol 
was approved by the appropriate institutional review 
boards. 

Study design: The protocol consisted of an initial 
baseline assessment incorporating an exercise tolerance 
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test and an out-of-hospital 48-hour ambulatory electro- 
cardiographic ST-segment monitoring period. An exer- 
cise test positive for ischemia at baseline was required 
for patients to enter the double-blind, crossover drug 
treatment phase. Patients were randomized in double- 
blind fashion to receive either nifedipine or placebo 
(identical capsules, 10 mg of nifedipine). The first 2- 
week period consisted of a 7-day titration phase in 
which the study drug was administered as 1 capsule 4 
times per day and increased to a maximum of 3 cap- 
sules 4 times per day or decreased to a lower dose if 
intolerable side effects occurred. Patients were instruct- 
ed to take their initial dose immediately upon arising in 
the morning. After the titration phase, patients were 
maintained on a stable dose of the study drug for 7 days 
(efficacy phase), after which they underwent an exer- 
cise tolerance test and 48-hour ambulatory electrocardi- 
ography. Patients were then crossed over to the other 
study drug and entered a second 2-week period (7-day 
titration phase followed by 7-day efficacy phase), at the 
end of which repeat exercise tolerance test and 48-hour 
ambulatory electrocardiographic monitoring were per- 
formed. Compliance was assessed by pill counts. 

Exercise treadmill tests: Exercise treadmill tests 
were performed using a standard Bruce protocol. Mea- 
sured parameters included exercise capacity, time to 
angina and time to Z1 mm ST-segment depression. 
Twelve-lead electrocardiograms were recorded at rest, 
at the end of each treadmill stage and at the aforemen- 
tioned end points. Heart rate and blood pressure were 
recorded at rest, at the end of each treadmill stage, at 
the onset of Z1 mm ST-segment depression and at peak 
exercise. 

Ambulatory monitoring: After the exercise treadmill 
test, once the heart rate, blood pressure and electrocar- 
diogram returned to baseline for 230 minutes, a Car- 
dioData 2-channel AM ambulatory monitor (frequency 
response, 0.5 to 100 Hz) was attached to the patient's 
belt. Bipolar electrodes were attached, with the leads 
reflecting the greatest ST-segment depression during 
the treadmill test chosen for analysis (usually V; or V>/ 
Vs or modified inferior/V;). The signal from each chan- 
nel was calibrated to the 12-lead electrocardiogram and 
to changes in body position. Hyperventilation was car- 
ried out to ensure the absence of spurious ST-segment 
deflection. Patients were then sent home to undergo 48- 
hour continuous monitoring. Patients were instructed to 
record daily events with special attention to symptoms 
and to note the time the study drug was taken in the 
morning in diaries provided for that purpose. 

Tapes were analyzed by an experienced technician 
and 2 investigators without knowledge of the treatment 
limb on the CardioData MK4 system, using trend plots, 
superimposition scanning, rapid playback and printouts 
of ST-segment abnormalities and heart rate changes. 
An episode of ST-segment depression Z1 mm lasting 
>60 seconds with a similar morphology to that ob- 
served during the treadmill test was considered to repre- 
sent ischemia. For each episode, duration was defined as 
the total number of seconds with Z1 mm ST-segment 
depression. Heart rate at onset of ischemia was defined 


as the average heart rate in the 60-second interval be- 
fore ST-segment deviation. Time of day according to a 
standard 24-hour clock was noted for the onset of each 
episode, and each 48-hour recording was replotted on a 
standard 24-hour time scale with attention paid to the 
presence of accompanying symptoms. 

Circadian analysis: The time of onset of ischemic 
episodes detected on each of the three 48-hour record- 
ings for each patient was plotted on a 24-hour time 
scale, grouped according to eight 3-hour blocks (00:01 
to 03:00, 03:01 to 06:00, 06:01 to 09:00, 09:01 to 12:00, 
12:01 to 15:00, 15:01 to 18:00, 18:01 to 21:00 and 21:01 
to 24:00) and summed for the 10 patients. Mean hourly 
heart rates over 24 hours of uninterrupted recording 
were also measured for each patient, with subsequent 
derivation of mean hourly heart rate plots for all 10 
patients for each of the 3 recordings. 

Statistical methods: Wilcoxon's signed rank test was 
used to compare the number and duration of ischemic 
episodes on ambulatory ST-segment monitoring at 
baseline and after treatment with nifedipine and place- 
bo. Paired t tests were used to compare treadmill test 
parameters at baseline and after nifedipine and placebo 
treatment. The mean hourly heart rate over 24 hours 
within each recording was compared by independent f 
tests. 


RESULTS 

Patients: The 10 patients comprised 9 men and 1 
woman, mean age 60 years (range, 46 to 69). Five pa- 
tients had a family history of coronary artery disease, 4 
smoked and 4 had a previous myocardial infarction (all 
inferior). Patients experienced a mean of 3 angina epi- 
sodes per week (range, 1 to 10). Their mean duration of 
anginal history was 4 years (range, 1 to 11). All 10 
patients had undergone an exercise test positive for isch- 
emia within 3 months of entry. Six patients had under- 
gone coronary angiography: l-vessel disease was noted 
in 2 patients, 2-vessel disease in 1 patient and 3-vessel 
disease in 3 patients. Four patients had diabetes mellitus 
(mean duration, 7 years). The mean dose of nifedipine 
was 20 mg 4 times per day (range, 40 to 120 mg/day). 

Exercise treadmill tests: Each of the 10 patients had 
an exercise test positive for ischemia at baseline (Table 
I). Exercise duration was significantly longer with ni- 
fedipine treatment than with placebo and approached 
(p = 0.08) but did not reach statistical significance 
compared with baseline measurements. There were no 
significant differences in exercise capacities assessed at 
baseline and with placebo. The time to 21 mm ST de- 
pression was significantly greater with nifedipine thera- 
py than with placebo and baseline assessments. There 
was no significant difference in heart rate before exer- 
cise at baseline (64 beats/min), with nifedipine (69 
beats/min) or with placebo (63 beats/min). Similarly, 
at the end of stage I, there was no significant difference 
in heart rate at baseline (102 beats/min), with nifedi- 
pine (97 beats/min) or with placebo (98 beats/min). 
Systolic blood pressure before exercise was significantly 
lower with nifedipine (129 mm Hg) than at baseline 
(146 mm Hg, p <0.01) or with placebo (148 mm Hg, p 
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TABLE I Effect of Treatment on Exercise Tests and Ambulatory Monitoring 


Exercise Duration Time to Z1 mm ST 


(s) Depression (s) 


Ischemic Episodes / 
48 Hours (n) 


Duration of Ischemia/ 
48 Hours (min) 





1 216 239 239 170 170 120 
2 334 315 360 60 180 120 
3 614 590 491 120 360 120 
4 335 340 311 120 170 120 
5 394 499 385 240 449 240 
6 547 613 690 240 540 360 
7 295 474 212 62 120 62 
8 395 379 419 170 240 63 
9 291 404 237 60 410 232 
10 137 360 181 60 180 60 


u 


* p «0.05 compared to placebo. 
* p «0.02 


VD «0.003, significantly different from baseline. 

t p «0.02. 

t p «0.0005, significantly different from placebo. 

Base = baseline; N = nifedipine; P = placebo; SD = standard deviation. 


« 0.01). Systolic blood pressure at the end of stage I was 
lower with nifedipine (145 mm Hg) than at baseline 
(162 mm Hg, p <0.01) or with placebo (160 mm Hg, p 
<0.01). The double product (heart rate X systolic blood 
pressure X 107?) at Z1 mm ST depression was similar 
at baseline (17.1), with nifedipine (17.3) and with pla- 
cebo (16.8). 

Ambulatory ST-segment monitoring: Each of the 10 
patients had 22 episodes of ischemia on the baseline 
ambulatory recording (Table I). There were 54 episodes 
of spontaneous ischemia at baseline; 10 of these were 
accompanied by angina. There were significantly fewer 
ischemic episodes with nifedipine treatment (18) than at 
baseline or with placebo (63). The number of episodes 
occurring at baseline and with placebo was not signifi- 
cantly different. The total duration of ischemia at base- 
line was 874 minutes, of which 92 minutes were accom- 
panied by pain. The total duration of ischemia signifi- 
cantly decreased to 260 minutes during the nifedipine 
treatment period, compared with measurements both at 
baseline and with placebo (927 minutes). There was no 
significant difference between measurements at baseline 
and with placebo for this parameter. 

Circadian distribution analysis: The baseline ambu- 
latory recording revealed 2 prominent peaks of ischemia 
during a 24-hour period (Figure 1). The majority of 
ischemic episodes occurred between 06:00 and 12:00 
and between 18:00 and 24:00. With placebo, this pat- 
tern was reproduced, with 1 period of “dense” ischemia 
occurring between 06:00 to 12:00 and a second period 
occurring between 18:00 and 24:00. Only 1 episode of 
ischemia occurred between 06:00 and 12:00 with nifedi- 
pine treatment (with the initial dose taken immediately 
upon arising), compared with 26 episodes with placebo 
(p <0.001) and 18 episodes at baseline (p <0.01). The 
second peak of ischemia, from 18:00 to 24:00 at base- 
line (15 episodes), was also attenuated by nifedipine 
treatment; only 8 episodes occurred with nifedipine ver- 
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5 l 5 68 8 68 
8 6 6 239 83 154 
2 0 2 50 0 21 
6 6 13 41 39 139 
7 0 E 83 0 48 
2 0 2 6 0 56 
3 3 11 115 99 219 
8 1 7 154 14 59 
a 0 0 21 0 O 
9 l 13 97 17 163 
Total 54 18 63 874 260 927 





sus 19 episodes with placebo (p «0.05). Reduction of 
ischemic episodes overall was largely due to the effect of 
nifedipine treatment during these two 6-hour periods. 
Mean heart rate before an ischemic episode was 82, 86 
and 80 beats/min at baseline, with nifedipine treatment 
and with placebo, respectively. 

Heart rate analysis: There was no significant differ- 
ence in the mean hourly heart rate over 24 hours at 
baseline and with placebo (72 + 0.9 vs 71 + 0.7 beats/ 
min, respectively). The mean hourly heart rate with ni- 
fedipine treatment (74 + 0.8 beats/min) was signifi- 
cantly greater than with placebo (p <0.005) (Figure 2). 

Diary analysis: Review of 48-hour diaries revealed 
that the study drug was taken between 06:00 and 07:00 
by 8 patients and between 07:00 and 08:00 by 2 pa- 
tients. 

Adverse effects: One patient complained of mild 
flushing and 2 patients experienced pedal edema with 
nifedipine treatment. One patient complained of nausea 
with placebo. No patient withdrew from the study. 


DISCUSSION 

In patients with documented coronary artery dis- 
ease, asymptomatic ischemic episodes outnumber angi- 
nal episodes and exhibit a circadian pattern, with a 
surge of ischemia in the early morning.! A second peak 
later in the day has also been noted in some reports.* 
These observations raise questions regarding the meth- 
ods by which the effect of therapy should be measured, 
especially if ablation of ischemia during these potential- 
ly vulnerable periods evolves into an end point of treat- 
ment. Moreover, the similar circadian pattern of tran- 
sient myocardial ischemia, myocardial infarction and 
sudden death suggests that the timing of administration 
of antiischemic medication may be important. 

In this study, nifedipine at a mean dose of 80 mg/ 
day reduced total ischemic activity, as measured by ex- 
ercise treadmill testing and ambulatory electrocardio- 


graphic ST-segment monitoring. As observed in numer- 
ous other studies using the treadmill test,?:!° the results 
reported in this study suggest that one therapeutic effect 
of nifedipine is derived from a reduction of myocardial 
oxygen demand (decreased systolic blood pressure) at 
submaximal levels of exertion, without necessarily im- 
plicating any improvement in coronary blood supply. 


Total no. 
episodes: 
48 hr: 
3-hr block 


FIGURE 1. Effect of nifedipine on circadi- 
an variation of ischemic episodes detected 
during 48-hour Holter monitoring in 10 
patients. Total number of ischemic epi- 
sodes at baseline and after treatment with 
placebo and nifedipine (mean daily dose, 
80 mg) in 3-hour blocks of time according 
to the time of onset, and plotted according 
to a 24-hour clock. 


85 


80 


FIGURE 2. Mean hourly heart rate over 
24 hours in 10 patients at baseline and af- 
ter treatment with placebo and nifedipine 
(mean dose, 80 mg/day). 


Specchia et al,!! however, showed that, in some pa- 
tients, nifedipine's antivasoconstrictor effect on the cor- 
onary circulation may be operative in improving param- 
eters of ischemia measured by exercise testing. Ischemia 
during daily life, however, occurs at lower heart rates 
than those that are required to provoke ischemia during 
the exercise test, suggesting that abnormalities in coro- 
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nary perfusion may be partially responsible.!?.? Other 
studies, however, indicate that heart rate consistently in- 
creases before the induction of ambulatory ischemia, 
particularly in the early morning hours.!^ In all likeli- 
hood, the majority of ischemic episodes are due to com- 
binations of a modest increase in myocardial oxygen de- 
mand and concomitant decreases in coronary perfusion. 

In this study, nifedipine significantly reduced the 
number of spontaneous ischemic episodes. In particular, 
the morning surge in ischemia was nearly abolished 
during nifedipine treatment, despite a somewhat higher 
heart rate than with placebo, particularly in the 06:00 
to 12:00 period. As this was seen without a lowering of 
heart rate, either a reduction in diurnal blood pressure 
or an increase in myocardial perfusion, or both, may 
explain the benefit afforded by nifedipine. Other studies 
have reported similar results despite differences in pa- 
tient selection, protocol design and dosage of nifedi- 
pine.!5-!8 Despite these data, Frishman et al!? demon- 
strated no benefit with nifedipine compared with place- 
bo in reducing ST-segment depression. In that study, 
the mean dose of nifedipine was 90 mg/day adminis- 
tered as 30 mg 3 times per day, which may have led to 
periodic dose-related bouts of increased heart rate, pos- 
sibly negating other potential benefits of the drug. Re- 
flex tachycardia noted with nifedipine has led to com- 
bining this agent with 8 blockers.?? At the dose of nifed- 
ipine used in this study, mean hourly heart rates over a 
24-hour period were only slightly higher with nifedipine 
than with placebo. Likewise, Mulcahy et al collated 
data from 4 other studies demonstrating that nifedipine 
at 40 mg/day, compared with atenolol, did not atten- 
uate the morning surge of ischemia. Two reasons ac- 
counting for the differences between their findings and 
the results of this study are possible: First, the time of 
administration of nifedipine is not identified in the study 
by Mulcahy et alë; the dosing interval used in those 
studies may have left patients wholly or partially un- 
treated upon awakening, whereas atenolol may have 
provided more “continuous” antiischemic protection by 
virtue of its longer half-life, making time of administra- 
tion less of a factor. Second, administration of nifedi- 
pine 3 times per day, with its shorter half-life, could 
have resulted in “gaps” in treatment during the day, 
when trough serum concentrations of the drug occur, 
particularly at this dosage level. These findings under- 
score the potential advantage of using drugs that have 
long half-lives or possess continuous- or extended-re- 
lease characteristics, the pharmacologic effects of which 
are present upon arousal in the morning. 

Several reports*!* have raised concerns regarding 
the use of ambulatory electrocardiographic ST-segment 
monitoring to measure the effect of treatment. The den- 
sity of ischemia may vary markedly from one monitor- 
ing period to another. Certain patient sample sizes may 
be necessary to ensure that a reduction in ischemia is 
indeed due to an intervention and not a coincidence. 
Caution is warranted, therefore, in interpreting the re- 
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sults derived from this protocol, which involved only 10 
patients. However, the frequency, duration and circadi- 
an pattern of ischemia was similar at baseline and with 
placebo, indicating that the reduction in ischemia with 
nifedipine represents a valid therapeutic effect. 
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Abstract. 

Brief Summa 

PROCARDIA ZA ine) Extended Release Tablets For Oral Use 
: Known rsensitivity reaction to nifedipine. 


WARNINGS: Excessive Hyp on: Although in most angina patients the hypotensive effect of nifedipine is modest and well 

tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred 

w—- = titration or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant 
ers. 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together 
with a beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction 
with high dose fentanyl appears to be due to the combination of nifedipine and a blocker, but the possibility that it may occur 
with nifedipine alone, with low doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled 
out. In nifedipine-treated patients where surgery using high dose fentanyl anesthesia is contemplated, the physician should be 
aware of these potential problems and if the patient's ition permits, sufficient time (at least 36 hours) should be allowed for 
nifedipine to be washed out of the body prior to surgery. 

The following information should be taken into account in those patients who are being treated for hypertension as well as 


angina: 
Increased Angina and/or ial infarction: Rarely, patients, particularly those who have severe obstructive coronary artery 
disease, have developed well documented increased f , duration or severity of angina or acute myocardial infarction 


on starti — or at the time of dosage increase. mechanism of this effect is not established. 

Beta I: Itis important to taper beta blockers if possible, rather than stopping them abruptly before beginning 
nifedipine. Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably 
related to increased sensitivity to catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occa- 
sion has been reported to increase it. 

Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning nifedi- 
pine. Patients with tight aortic stenosis may be at greater risk for such an event, as the unloading effect of nifedipine would be 
— to be of less benefit to those patients, owing to their fixed impedance to flow across the aortic valve. 

ECAUTIONS: General—Hypotension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of 
blood pressure during the initial administration and titration of nifedipine is suggested. Close observation is especially recom- 
mended for patients already taking medications that are known to lower blood pressure. (See WARNINGS.) 

Peripheral : Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from 
approximately 10% to about 30% at the highest dose studied (180 mg). It is a localized phenomenon thought to be associated 
with vasodilation of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid 
retention. With patients whose angina or hypertension is complicated by congestive heart failure, care should be taken to differen- 
tiate this peripheral edema from the effects of increasing left ventricular dysfunction. 

Other: As with any other non-deformable material, caution should be used when administering PROCARDIA XL in patients with 
preexisting severe gastrointestinal narrowing (pathologic or iatrogenic). There have been rare reports of obstructive symptoms in 

tients with known strictures in association with the ingestion of PROCARDIA XL. 

Laboratory Tests Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phosphatase, CPK, 
LDH, SGOT, and SGPT have been noted. The relationship to nifedipine therapy is uncertain in most cases, but probable in some. 
These laboratory abnormalities have rarely been associated with clinical symptoms; however, cholestasis with or without jaundice 
has been reported. A small (5.4%) increase in mean alkaline phosphatase was noted in patients treated with PROCARDIA XL. This 
was an isolated finding not associated with clinical symptoms and it rarely resulted in values which fell outside the normal range. 
Rare instances of allergic hepatitis have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric 
acid, glucose, or cholesterol. Serum potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomi- 
tant diuretic therapy, and slightly decreased in patients receiving concomitant diuretics. 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demon- 
strated a moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine 
patients. This is thought to be a function of inhibition of calcium transport across the platelet membrane. No clinical significance 
for these findings has been demonstrated. 

Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine 
administration and positivity of this laboratory test, including hemolysis, could not be determined. 

Although nifedipine has been used safely in patients with renal dysfunction and has been reported to exert a beneficial effect in 

certain cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal 
insufficiency. The relationship to nifedipine therapy is uncertain in most cases but probable in some. 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 — with Procardia® cap- 
sules in a noncomparative clinical trial has shown that concomitant administration of —— and beta-blocking agents is usual- 
ly well tolerated but there have been occasional literature reports suggesting that the combination may increase the likelihood of 
congestive heart failure, severe , or exacerbation of angina. 

Long Acting Nitrates: Nifedipine may be safely co-administered with nitrates, but there have been no controlled studies to eval- 
uate the antianginal effectiveness of this combination. 

Digitalis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average 
increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary artery disease. In an 
uncontrolled study of over two hundred patients with congestive heart failure during which digoxin blood levels were not mea- 
sured, digitalis toxicity was not observed. Since there have been isolated reports of patients with elevated digoxin levels, it is rec- 
— that digoxin levels be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or 
under-digitalization. 


Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagu 
lants to whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) and area 
under-the-curve (74%), after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine pro 
duced smaller, non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrom 
P-450, the enzyme system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in 
patient currently receiving cimetidine, cautious titration is advised. 

rcinogenesis, Mutagenesis, Impairment of Fertility: es was administered orally to rats, for two years and was nc 
shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 time 
the maximum recommended human dose. /n vivo mutagenicity studies were negative. 

Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when given in doses 30 times the max 
mum recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increase 
stunted forms, increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the ma 
imum recommended human dose. in pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted i 
small placentas and underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolo 
tion o pogano There are no adequate and well controlled studies in pregnant women. PROCARDIA XL* (nifedipine) Ext 
Release Tablets should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

ADVERSE EXPERIENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablet 
in hypertension and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA X 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effe 
reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 1096 to about 30* 
at the highest dose studied (180 mg). Other common adverse experiences — in placebo-controlled trials include: headach 
(15.8%, compared to 9.8% placebo incidence), fatigue (5.9%, compared to 4.1% placebo incidence), dizziness (4.1%, compare 
to 4.5% placebo incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 1.9* 
placebo incidence). Of these, only edema and headache were more common in PROCARDIA XL patients than placebo patients. 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidenc 
of these side effects was similar to that of placebo alone: body as a whole/systemic : asthenia, flushing, pain; cardiovascular: pa 
pitations; central nervous system : insomnia, nervousness, paresthesia, somnolence; dermatologic : pruritus, rash; gastrointesti 
nal : abdominal pain, diarrhea, dry mouth, dyspepsia, flatulence; musculoskeletal: arthralgia, leg cramps; respiratory : chest pai 
(nonspecific), dyspnea; urogenital : impotence, polyuria. 

Other adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic 
face edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular : arrhythmia, hypotension, increased angin: 
tachycardia, syncope; central nervous system : anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine 
paroniria, tremor, vertigo; dermatologic: alopecia, increased sweating, urticaria, purpura; gastrointestinal: eructation, gastrc 
esophageal reflux, gum hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, —— respiratory 
coughing, epistaxis, upper respiratory tract infection, respiratory disorder, sinusitis; special senses : abnormal lacrimation, abno! 
mal vision, taste perversion, tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia. 

Eo experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states c 
ications. 

The following adverse experiences, reported in less than 1% of patients, occurred under conditions (e.g., open trials, marketin 
— where a causal relationship is uncertain: gastrointestinal irritation, gastrointestinal bleeding. 

n multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported sponta 
neously, adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or dosage adjus! 
ment. Most were expected consequences of the vasodilator effects of Procardia. Adverse — reported in placebo-con 
trolled trials include: dizziness, lightheadedness, and giddiness (27%, compared to 15% pla incidence); flushing, heat sensa 
tion (25%, compared to 8% placebo incidence); headache (23%, compared to 20% placebo incidence); weakness (12%, com 
pared to 10% placebo incidence); nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8% 
compared to 3% placebo incidence); peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood change 
(ree compared to 4% placebo incidence); palpitation (7%, compared to 5% ogee incidence y; dyspnea, cough, and wheezin 
6%, compared to 3% placebo incidence); and nasal congestion, sore throat (6%, compared to 8% placebo incidence). 

There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic c 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively commo 
adverse events were similar in nature to those seen with PROCARDIA XL. 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease i 
these patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurre 
in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction dis 
turbances each occurred in fewer than 0.5% of patients. 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy, the pattern and incidence ( 
adverse experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS.) 

In a subgroup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or ligh 
headedness, peripheral edema, headache or flushing each occurred in one in a patients. Hypotension occurred in about one i 
20 patients. Syncope occurred in approximately one patient in 250. Myocardial infarction or symptoms of congestive heart failur 
each occurred in about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 150. 

In post-marketing experience, there have been rare reports of exfoliative dermatitis caused by nifedipine. 
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To assess the role of high-dose (up to 0.84 mg/kg 
during 10 minutes) dipyridamole echocardiographic 
testing in the evaluation of coronary artery bypass 
graft patency early after surgery, 18 consecutive 
patients with angina underwent dipyridamole echo- 
cardiography and coronary angiography before and 
7 to 10 days after bypass surgery. Coronary angi- 
ography showed 2- or 3-vessel disease in 7 and 11 
patients, respectively. A total of 53 bypass grafts 
were performed. Before bypass surgery 14 pa- 
tients had a positive and 4 a negative test result. 
No complication occurred during the test performed 
early after surgery. Of the 14 patients with positive 
dipyridamole echocardiographic results before sur- 
gery, 10 had negative and 4 had positive results af- 
ter surgery. All 4 patients had negative results be- 
fore and after surgery. In the 4 patients with posi- 
tive results after dipyridamole echocardiographic 
testing before and after bypass surgery, dipyrida- 
mole time increased from 5.8 + 5 to 9.3 + 0.9 min- 
utes (p — 0.3) after the procedure and wall motion 
score index at peak dipyridamole changed from 
1.55 + 0.2 to 1.28 + 0.3 (p = 0.05). Forty-nine of 
53 grafts were patent as seen on angiography. Di- 
pyridamole echocardiographic results were positive 
in 4 of 5 patients who had at least 1 obstructed 
graft or native vessel obstructed distal to bypass 
graft insertion. The remaining patient had diagnos- 
tic electrocardiographic changes during dipyrida- 
mole infusion without wall motion abnormalities. 
Dipyridamole echocardiographic results were nega- 
tive in all 13 patients who had complete revascular- 
ization. In the 4 patients with positive test results, 
the procedure correctly identified the localization of 
the diseased bypass graft. These data suggest that 
(1) dipyridamole echocardiography can be easily 
and safely performed after coronary artery bypass 
graft surgery, (2) there is an excellent correlation 
between the functional improvement assessed by 
dipyridamole echocardiography testing and ana- 
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tomic results of coronary artery bypass surgery, 
and (3) it reliably detects and identifies diseased 
bypass grafts. 

(Am J Cardiol 1991;67:133-136) 


tecting coronary artery bypass graft patency.!^? 

Dipyridamole echocardiographic testing has been 
shown to be a feasible and safe non-exercise-dependent 
stress test for evaluating patients with suspected or 
proved coronary artery disease.?-!^ [t may be an effec- 
tive tool for early functional evaluation of bypass sur- 
gery because it allows geographic localization of isch- 
emia with a good correlation between regional wall mo- 
tion and coronary anatomy.!?!^ The purpose of this 
prospective study was to assess the ability of high-dose 
dipyridamole echocardiographic testing to detect coro- 
nary artery bypass graft patency early after surgery. 


i Y everal noninvasive techniques are available for de- 


METHODS 

Patients: Eighteen consecutive patients (mean age 
62 years; range 45 to 71) were enrolled in the study. All 
patients met the following inclusion criteria: (1) typi- 
cal anginal symptoms or exercise-induced ischemia, or 
both; (2) suitable coronary anatomy for coronary artery 
bypass graft surgery; (3) acceptable echocardiographic 
window in resting conditions. All patients gave informed 
consent. In all patients, dipyridamole echocardiography 
was performed before (3 to 5 days) and after (7 to 10 
days) surgery. Patient outcomes were not affected by 
dipyridamole echocardiography test results with respect 
to performance of cardiac catheterization and coronary 
artery bypass graft surgery. Therapy with all ongoing 
medication, including 6-adrenergic blocking agents and 
nitrates, was continued during the procedure. All pa- 
tients underwent bypass graft angiography at the time 
of postsurgery dipyridamole echocardiographic testing. 

Dipyridamole echocardiography test: Two-dimen- 
sional echocardiography and 12-lead electrocardio- 
graphic monitoring were performed in combination with 
dipyridamole infusion!?: 0.56 mg/kg over 4 minutes, no 
dose for 4 minutes and then, if the test was still nega- 
tive, 0.28 mg/kg over 2 minutes. The cumulative dose 
was therefore 0.84 mg/kg during 10 minutes. Two-di- 
mensional echocardiograms were continuously record- 
ed during and up to 10 minutes after dipyridamole ad- 


133 


TABLE I Angiographic and Echocardiographic Data Before and After CABG in 18 Patients 


Angiographic Findings 
LC Bypass Grafts 
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LAD,* LC, right 
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* Internal mammary artery graft. 
t Ischemic ECG changes during DET. 
+ Patent graft supplying stenotic distal vessel. 
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A = anterior; CABG = coronary artery bypass graft surgery; DET = dipyridamole echocardiography test; Diag. = diagonal branch; HD = high-dose dipyridamole infusion; | = 
inferior; L = lateral; LAD = left anterior descending artery; LC = left circumflex; OM = obtuse marginal branch; P = posterior; right = right coronary artery; + = positive DET; O = neg- 


ative DET; — = no significant coronary stenosis. 


ministration. Commercially available imaging systems 
(Hewlett Packard model 77020 AC, 3.5-MHz trans- 
ducer and Toshiba Sonolayer Alfa SSH-160A, 2.5- and 
3.75-MHz transducers) were used. All patients received 
intravenous aminophylline (50 to 240 mg over 1 to 3 
minutes) at the end of the test. In patients with positive 
results the antidote was given at a constant infusion rate 
of 70 mg/min in order to reverse the echocardiographi- 
cally assessed myocardial ischemia, and drug adminis- 
tration was discontinued as soon as the signs of ischemia 
started to disappear. We also gave aminophylline (50 
mg over | minute) to patients after negative tests in 
order to abate adverse effects and to prevent late actions 
of dipyridamole. All echocardiograms were analyzed by 
2 experienced observers who were blinded to angio- 
graphic findings. Left ventricular wall segments were 
identified in multiple views by means of standard no- 
menclature.'? Ventricular wall motion was qualitatively 
graded in each wall region in each view as follows: 1, 
normal; 2, hypokinetic; 3, akinetic; and 4, dyskinetic. A 
wall motion score index was derived for rest and peak 
dipyridamole echocardiograms in each patient. The re- 
lation of wall motion abnormalities to coronary artery 
perfusion was assessed according to Feigenbaum.! Pos- 
itivity of the test was linked to detection of a transient 
regional change of contraction of 21 grades. The read- 
ers agreed in advance to exclude ventricular septal re- 
gion from analysis during postoperative testing. For pa- 
tients with positive test results, we also recorded the “di- 
pyridamole time" in minutes (ie., the time from the 
onset of infusion to development of frank asynergy). 
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Coronary angiography: Selective coronary arteriog- 
raphy was performed with use of the Judkins or Sones 
technique. All angiograms were interpreted without 
knowledge of results of dipyridamole echocardiography. 
Significant coronary stenosis was defined as 275% re- 
duction in the luminal diameter of coronary vessels or 
bypass grafts. 


RESULTS 

Angiographic and echocardiographic data obtained 
before and after coronary artery bypass graft surgery of 
the 18 patients are listed in Table I. 

Patient characteristics: Seven patients had 2- and 
11 had 3-vessel coronary artery disease. Six patients 
had a previous myocardial infarction and regional relat- 
ed asynergy. There were a total of 53 bypass grafts: 42 
grafts to the left coronary artery (32 saphenous and 10 
internal mammary artery grafts) and 11 saphenous vein 
grafts to the right coronary artery. Of the left coronary 
artery grafts, 21 were primarily to the left anterior de- 
scending artery and 21 to the circumflex branches. All 
patients were asymptomatic at the time of the test and 
coronary angiography after surgery. 

Dipyridamole echocardiography: RESULTS BEFORE 
CORONARY ARTERY BYPASS GRAFT SURGERY: Before sur- 
gery 14 patients had a positive and 4 a negative test 
result. A diagnostic ST-segment depression occurred in 
10 and chest pain in 8 of 14 patients with a positive test 
result. At the time of the test, 18 patients were tak- 
ing nitrates, 14 calcium antagonists and 10 6-blocking 
agents. 


RESULTS AFTER CORONARY ARTERY BYPASS GRAFT SUR- 
GERY: Of the 14 patients with positive results on the di- 
pyridamole echocardiography test before surgery, 10 
had negative and 4 had positive test results after sur- 
gery. Of the 10 patients with a negative test result, 1 
had diagnostic ST-segment depression, whereas 3 of 4 
patients with a positive test result had diagnostic elec- 
trocardiographic changes and 1 had chest pain. All 4 
patients with negative presurgery dipyridamole echocar- 
diography had negative test results after surgery. Ab- 
normal ventricular septal motion was observed in 11 pa- 
tients (61%) at baseline before starting dipyridamole 
infusion. In the 4 patients with a positive test, dipyrida- 
mole time increased from 5.8 + 5 to 9.3 + 0.9 minutes 
(p = 0.3) after surgery. In these patients the wall mo- 
tion score index at peak dipyridamole before surgery 
was 1.55 + 0.2 and improved to 1.28 + 0.3 after sur- 
gery (p = 0.05). 

Coronary angiographic correlates: Table I com- 
pares results of dipyridamole echocardiography and cor- 
onary angiography. Overall, 49 of 53 grafts were patent 
on angiography. There were also 2 patent grafts supply- 
ing stenotic distal vessels. Dipyridamole echocardiogra- 
phy yielded positive results in 4 of 5 patients (80%) who 
had Z1 nonrevascularized vessel. The remaining patient 
had diagnostic electrocardiographic changes during di- 
pyridamole infusion that were not associated with tran- 
sient wall motion abnormalities. Dipyridamole echocar- 
diographic testing was negative in all 13 patients who 
had a complete revascularization. In 4 of the 5 patients 
with nonrevascularized vessels, the test correctly identi- 
fied the localization of the diseased bypass grafts or the 
patent graft supplying a stenotic distal vessel. One pa- 
tient (no. 3) had multivessel nonrevascularization with 
an occluded diagonal branch vein graft and a patent 
graft supplying a stenotic distal marginal branch. In this 
patient only the latter nonrevascularized vessel was 
identified by the dipyridamole echocardiography test. 


DISCUSSION 

Our data indicate that dipyridamole echocardiogra- 
phy is a highly feasible and safe stress test early after 
bypass surgery. In this setting, the major limitation of 
the technique is the need to exclude the ventricular sep- 
tal region from analysis in the postoperative studies be- 
cause of abnormal ventricular septal motion often oc- 
curring after cardiac surgery. This approach should not 
affect the assessment of left anterior descending graft or 
distal disease if the apex can be adequately imaged.!’ 

Clinical usefulness of the dipyridamole echocardi- 
ography test after coronary artery bypass graft sur- 
gery: This study shows that the dipyridamole echocar- 
diography test is suitable for early assessment of bypass 
graft efficacy, whereas other techniques, such as exer- 
cise electrocardiography, are difficult to perform. The 
possible physiologic benefit determined by revascular- 
ization on the regional coronary reserve appears the 
most likely explanation for improvement in the dipyrid- 
amole echocardiography test results. Furthermore, in 
these patients the test can also be valuable as a sim- 
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ple means for detecting and localizing diseased bypass 
grafts or patent bypass grafts supplying coronary arter- 
ies with distal stenosis. A persistently positive dipyrida- 
mole echocardiography test result after surgery is highly 
indicative of the presence of nonrevascularized vessels. 
Finally, the dipyridamole echocardiography test does 
not offer a dichotomic response (positivity versus nega- 
tivity) but rather a graded positive response that can be 
usefully stratified along the coordinates of time (timing 
of the asynergy during dipyridamole stress) and space 
(spatial extent of stress-induced asynergy, which may 
be expressed by the wall motion score).'!:!® Therefore, 
in patients in whom the test is still positive after coro- 
nary artery surgery, less dramatic improvements in the 
severity and extent of stress-induced ischemia can be 
assessed through the wall motion score index at peak 
dipyridamole and the dipyridamole time. 

Besides these advantages, one should consider that 
dipyridamole echocardiography requires an acceptable 
acoustic window in resting conditions and specialized 
personnel for the performance of the test. Finally, the 
presence of pericardial effusion and septal wall motion 
abnormalities due to recent cardiac surgery may limit 
the analysis of segmental wall motion in these patients. 

Study limitations: The small number of patients en- 
rolled in the study limits any conclusion regarding the 
clinical role of the procedure for detecting patients with 
nonrevascularized vessels after surgery. 

Our policy of continuing antianginal drug therapy at 
the time of dipyridamole echocardiography may have 
affected the results, making the sensitivity of the test 
less effective because antianginal therapy can protect 
from stress-induced ischemia. 

Nevertheless, our data appear to be valuable for 
some reasons. First, the study was prospective and the 
dipyridamole echocardiography test results did not af- 
fect the decision to perform coronary angiography and 
surgery. Second, patients in our series were consecutive 
and all asymptomatic at the time of performing the test 
and coronary angiography after surgery. Finally, the di- 
pyridamole echocardiography test was performed soon 
after surgery, when patient exercise capacity may have 
been impaired. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Reversion of Recent-Onset Atrial Fibrillation to 
Sinus Rhythm by Intravenous Flecainide 
Karl D. Donovan, FRACP, Geoffrey J. Dobb, FFARACS, Leigh J. Coombs, FFARACS, 


Kok-Yeng Lee, FRACP, John N. Weekes, FFARACS, Challon J. Murdock, FRACP, 
and Geoffrey M. Clarke, FFARACS 


Spontaneous reversion to sinus rhythm is a fre- 
quent occurrence in recent-onset atrial fibrillation 
(AF). In a randomized, double-blind, controlled 
study, intravenous flecainide (2 mg/kg, maximum 
dose 150 mg) was compared with placebo in the 
treatment of recent-onset AF (present for >30 min- 
utes and <72 hours’ duration and a ventricular re- 
sponse 2 120 beats/min). Intravenous digoxin (500 
ug) was administered concurrently to all patients in 
both groups who had not previously taken digoxin. 
The trial medication was administered over 30 min- 
utes. Exclusion criteria inciuded hemodynamic in- 
stability, severe heart failure, recent antiarrhythmic 
therapy, hypokalemia and pacemaker dependence. 
One hundred two consecutive patients with recent- 
onset AF were enrolled in the study. All patients 
underwent continuous electrocardiographic moni- 
toring in the intensive care or coronary care unit. 
Twenty-nine (5796) patients given fiecainide and di- 
goxin, but only 7 (14%) given placebo and digoxin, 
reverted to sinus rhythm in -1 hour after starting 
the trial medication infusion and remained in stable 
sinus rhythm (chi-square 18.9, p = 0.000013; 
odds ratio 8.3, 95% confidence interval 2.9 to 
24.8). At the end of the 6-hour monitoring period, 
34 patients (6796) in the flecainide-digoxin group 
were in stable sinus rhythm, whereas only 18 pa- 
tients (3596) in the placebo-digoxin group had re- 
verted (chi-square 8.83, p — 0.003; odds ratio 
3.67, 95% confidence interval 1.5 to 9.1). Severe 
hypotension, although transient, was more common 
in the flecainide-digoxin group. Flecainide is effec- 
tive in reverting recent-onset AF, but should not be 
given to patients with severe left ventricular dys- 
function because the risks may outweigh the poten- 
tial benefits of reversion to sinus rhythm. 

(Am J Cardiol 1991;67:137-141) 
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Hospital, Western Australia. Manuscript received May 8, 1990; revised 
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currence in patients admitted to the hospital. A 

rapid ventricular rate and the loss of atrial systo- 
le may cause hemodynamic deterioration in susceptible 
patients. Treatment of AF is directed toward slowing 
the ventricular response and, if possible, restoring and 
maintaining sinus rhythm. 

Many patients with paroxysmal AF revert to sinus 
rhythm spontaneously,! so it is difficult to judge the ef- 
fectiveness of any drug in facilitating return to sinus 
rhythm unless an adequate, randomized, placebo-con- 
trolled trial has been performed. 

Flecainide,^? a class IC antiarrhythmic agent, 
shortens the atrial refractory period while prolonging 
conduction in all cardiac tissues. In theory, this drug 
should be effective in the treatment of AF. Indeed, 
there have been a number of uncontrolled studies re- 
porting successful reversion to sinus rhythm with flecai- 
nide in patients with recent-onset AF.9*!! Moreover, 
oral flecainide has been shown to prevent the recurrence 
of paroxysmal AF!’ and maintain sinus rhythm after 
cardioversion of chronic AF.? 

This study determines whether intravenous flecai- 
nide increases the proportion of patients reverting from 
recent-onset AF to sinus rhythm when compared with 
placebo. Digoxin was administered concurrently for 
heart rate control to both the active treatment and pla- 
cebo groups. 


P aroxysmal atrial fibrillation (AF) is a common oc- 


METHODS 

Patients: All patients with recent-onset AF seen at 
the Royal Perth Hospital were considered eligible for 
entry into the study. Recent-onset AF was defined as 
AF present for 230 minutes and X72 hours with a ven- 
tricular response 2120 beats/min. Onset of the ar- 
rhythmia was considered to be recent if documented or 
if symptoms such as palpitations, shortness of breath, 
chest pain, and so forth, first appeared within the trial 
time limit in patients who were later shown to have AF. 
Exclusion criteria included: (1) plasma potassium >5.5 
or «3.5 mmol/liter (hypokalemic patients became eligi- 
ble for inclusion after the plasma potassium concentra- 
tion returned to normal values); (2) severe heart failure; 
(3) severe circulatory failure (e.g., dopamine or dobuta- 
mine infusions >5 ug/kg/min); (4) pacemaker depen- 
dence; (5) "sick sinus syndrome"; (6) high-degree atrio- 
ventricular block; (7) recent antiarrhythmic thera- 
py (including oral amiodarone within the previous 3 
months) (patients receiving long-term 6 blockers or cal- 
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cium channel blockers for conditions such as hyperten- 
sion, angina, and so forth, were not excluded); (8) digi- 
talis intoxication; (9) flecainide hypersensitivity; (10) 
pregnancy and lactation; (11) age <18 years; and (12) 
unable or unwilling to give informed consent. 

Patients agreeing to participate in the study were ad- 
mitted to the intensive care or coronary care unit for 
monitoring. 

Baseline assessment: Before randomization, a histo- 
ry was obtained from each patient and a complete phys- 
ical examination was performed. A 12-lead electrocar- 
diogram was obtained. The patient’s electrocardiogram 
was monitored continuously during the study period. 

All patients referred to the investigators during the 
trial and who met the entry criteria were included. Pa- 
tients were randomly allocated to receive either intrave- 
nous flecainide (2 mg/kg over 30 minutes, maximum 
dose 150 mg) or a placebo. Intravenous digoxin (500 ug 
over 30 minutes) was given concurrently to all patients 
in both treatment and placebo groups who had not pre- 
viously received digoxin. No other antiarrhythmic treat- 
ment was given during the 6-hour monitoring period af- 
ter the trial medication. After this treatment regimen, 
patients continuing to have AF were treated as directed 
by their attending physicians. Some of these patients 
received flecainide. 

Patients who had undergone cardiac surgery within 
2 weeks and those who had not were randomized sepa- 
rately (Table I). The group without surgery included 
stable patients with “lone” AF, hyperthyroidism and al- 
cohol-associated AF, as well as critically ill patients 
with ischemic heart disease, acute respiratory failure, 
and so forth. 

Definitions of early reversion and late reversion were 
established before commencing the study. 

Early reversion: Stable sinus rhythm within 60 min- 
utes of starting the trial medication with sinus rhythm 
maintained until the end of the monitoring period (6 
hours). 
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Coronary Artery Disease No. 


Coronary artery bypass graft Unstable angina 9 "Lone" AF 15 
Coronary artery bypass graft 2 Unstable angina 1 Hyperthyroidism 2 
(acute myocardial infarction) (Hartman's procedure) Alcohol-associated AF 3 
Valve replacement 8 Acute myocardial 5 Postcardiac arrest 2 
Valve replacement l infarction Respiratory failure 2 
(bacterial endocarditis) Mitral stenosis l 
Pulmonary lobectomy 1 Mitral stenosis / 1 
Aortoiliac bypass graft 1 mitral incompetence 
Dissecting aneurysm 1 Pericardial aspiration l 
Perforated duodenal ulcer 1 
Anterior resection l 
Multiple trauma l 
Sternal infection l 
Aortofemoral bypass l 
graft 
Perforated esophagus l 
Pneumonia 


AF = atrial fibrillation. 






Noncardiothoracic 









Other Diagnoses No. 




















Late reversion: Reversion to stable sinus rhythm be- 
tween | and 6 hours. 

The ventricular rate and blood pressure were record- 
ed at intervals of 5 minutes during the first hour and at 
30-minute intervals thereafter. Blood pressure was mea- 
sured more frequently if clinically indicated. A physi- 
cian and nurse were in close attendance throughout the 
trial period. A 12-lead electrocardiogram was recorded 
on reversion to sinus rhythm or at | hour after starting 
the trial medication, or both. All electrocardiograms 
were independently reviewed by a cardiologist (CM ). 

Statistical methods: The SAS computer statistical 
package!^ was used for analysis of the results. Standard 
methods were used for calculation of confidence inter- 
vals.! Both chi-square and odds ratios were calculated 
for differences in proportions. The Fisher exact test was 
used if the number in each treatment group was «20. 
Differences between the means of continuous variables 
were assessed by analysis of variance using the GLM 
procedure! for groups of unequal size and Tukey's 
method! for multiple comparisons. The times to rever- 
sion to sinus rhythm were not normally distributed. 
Wilcoxon's rank sum test was used as part of the 
NPARIWAY procedure!? to assess differences between 
groups in the times to reversion to sinus rhythm. Where 
not otherwise stated, statistical significance is equated 
with a p value «0.05. 


RESULTS 

Of the 104 patients randomized, 2 patients were ex- 
cluded after review by the principal investigator (KD) 
before breaking the code. One patient was excluded be- 
cause atrial flutter was misdiagnosed as AF and the sec- 
ond because of recent treatment with mexiletine for 
ventricular tachycardia and ventricular fibrillation. 

The records from 102 patients were analyzed, 51 in 
each treatment group. There were 72 men and 30 wom- 
en (mean age 60 years, range 21 to 90). The groups 
were well matched with no significant differences in 


age, plasma potassium concentrations, duration of AF, 
ventricular rate or systolic blood pressure immediately 
before infusion of the trial drug (Table II). Three pa- 
tients, all in the placebo-digoxin group, reverted to 
sinus rhythm after randomization but before starting 
the drug infusion. These patients are included in the 
analysis. 

Sinus rhythm was restored within 1 hour (early re- 
version) in 29 patients (57%) given flecainide-digoxin 
and in 7 patients (14%) given placebo-digoxin (chi- 
square 18.9, p = 0.000013; odds ratio 8.3, 95% confi- 
dence interval 2.9 to 24.8). Conversion to stable sinus 
rhythm between 1 and 6 hours (late reversion) occurred 
in 5 of the remaining patients (22%) given flecainide- 
digoxin and in 11 of those (22%) given placebo-digoxin 
(chi-square 0.01, p = 0.92, odds ratio 0.88, 95% confi- 
dence interval 0.22 to 3.39). At the end of the 6-hour 
monitoring period 34 patients (67%) in the flecainide- 
digoxin group were in stable sinus rhythm compared 
with 18 patients (35%) in the placebo-digoxin group 
(chi-square 8.83, p = 0.003, odds ratio 3.67, 95% confi- 
dence interval 1.5 to 9.1). For those reverting to sinus 
rhythm (Figure 1), the mean interval to onset of sinus 
rhythm was 53 minutes in those given flecainide-digoxin 
and 150 minutes in those given placebo-digoxin (p = 
0.04). In patients who underwent “late reversion” the 
intervals were 216 and 236 minutes, respectively (p = 
0.86). 

The results in the predetermined subgroups are sum- 
marized in Table III. Included in the “other” subgroup 
were 15 patients with idiopathic (lone) AF. Six received 
flecainide-digoxin, 4 undergoing early reversion, where- 
as only 1 of the 9 given placebo-digoxin had early rever- 
sion (p = 0.047). There were 13 patients who were re- 
ceiving digoxin before entry into the trial and who were 
therefore not given digoxin during the trial period. 
Eight were given flecainide, 2 reverting to sinus rhythm 
in the first hour, and 5 were given placebo, only 1 re- 
verting to sinus rhythm (p = 0.69). 

Ventricular rate: The ventricular rate slowed signifi- 
cantly with time (Figure 2, A and B) in patients given 
both flecainide and digoxin, and placebo and digoxin (p 
<0.0001). This occurred more rapidly in patients given 
flecainide, to the extent that the ventricular rate was 
significantly slower than the starting rate 10 minutes 
after beginning the trial drug infusion in the flecainide 
group, and did not occur until 20 minutes later in pa- 
tients given placebo-digoxin. There was a statistically 
significant difference between mean ventricular rates in 
the 2 groups at all times between 10 and 330 minutes. 
This was a result of both the effect of flecainide (p 
<0.001) and the effect of reverting to sinus rhythm (p 
<0.001) (i.e., flecainide had a significant slowing effect 
on ventricular rate whether or not patients reverted to 
sinus rhythm). 

Arterial pressure: Systolic blood pressure was sig- 
nificantly reduced in patients given flecainide despite 
successful reversion to sinus rhythm being associated 
with a higher systolic pressure than continuing AF. For 
example, 5 minutes after the trial drug infusion was 
completed, the mean systolic pressure in patients who 
reverted to sinus rhythm was 114 mm Hg in those given 
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flecainide and 126 mm Hg in those given placebo. In 
patients who did not revert to sinus rhythm the corre- 
sponding pressures were 113 and 122 mm Hg. 

Adverse effects (Table IV): Severe hypotension, de- 
fined as a decrease in systolic arterial pressure of one- 
third or more of the initial measurement, occurred in 11 
patients (22%) given flecainide and 3 patients (6%) giv- 
en placebo (chi-square 4.1, p = 0.04, odds ratio 4.4, 
95% confidence interval 1.03 to 18.6). Severe hypoten- 
sion usually abated before any treatment was given. The 
lowest systolic pressure, 70 mm Hg, occurred in a pa- 
tient given placebo-digoxin. Five patients needed active 
treatment for hypotension; of these, 4 had been given 
flecainide and 1 placebo. Torsades de pointes (Figure 3) 
occurred in 1 patient who received flecainide and digox- 
in. The QT interval was not prolonged. This patient had 
not had previous ventricular arrhythmias documented. 
A synchronized direct-current shock was administered 
and although sinus rhythm resulted, this patient was 
considered a therapeutic failure as far as the trial was 
concerned. Other adverse effects were not significantly 
different in the 2 groups. 


SUBSEQUENT COURSE 

Seven patients died some time after discharge from 
the intensive or coronary care unit (flecainide-digoxin 5, 
placebo-digoxin 2). All charts were reviewed and no 
death was considered to be related to drug treatment 
or AF. 

Patients in sinus rhythm at end of six-hour study 
period: All 52 patients (flecainide-digoxin 34, placebo- 
digoxin 18) who had converted to and remained in sinus 
rhythm during the 6-hour study period after the drug 
infusion were in sinus rhythm at the time of discharge 
from the hospital. 
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FIGURE 1. Reversion to sinus rhythm with time (note time 
scale is nonlinear). 
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TABLE Ill Results in the Subgroups 





Flecainide-Digoxin 





Reversion 


Early No Early Early 








Cardiothoracic 5 

Noncardiothoracic 13 12 2 22 
Coronary artery disease 4 4 0 7 
Other subgroups 2 


—— PLACEBO 
ewm RLEC ANDE 


VENTRICULAR RATE (/min) 


Severe hypotension* 11 (22%) 4 (696) 
Torsades de pointes 1 (2%) 0 (0%) 
Nausea 2 (4%) 1 (2%) 
Gross QRS widening 2 (4%) 1 (2%) 
Hot flushes 0(0%) 1 (2%) 


* p «0.05. 


Patients continuing to have atrial fibrillation at end 
of the six-hour study period: At the end of the study 
period 50 patients continued to have AF (flecainide-di- 
goxin 17, placebo-digoxin 33). Thirty-four were dis- 
charged from the hospital in sinus rhythm, 16 continued 
to have AF or atrial flutter (14 AF, 2 atrial flutter). 


DISCUSSION 

The results of this study demonstrated the combina- 
tion of intravenous flecainide (2 mg/kg) and digoxin 
(500 ug) to be more effective than digoxin and placebo 
for the reversion of acute AF to sinus rhythm. More 
patients receiving the flecainide-digoxin combination re- 
verted to sinus rhythm, with most doing so within 1 
hour of drug administration when the effects of acute 
treatment would be at their greatest. After the 6-hour 
trial period, unblinded flecainide was later given to 22 
patients, sometimes in combination with other drugs, 
and sinus rhythm returned in 13 patients. Ten of 12 
patients in the placebo-digoxin group converted to sinus 
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rhythm with unblinded flecainide, emphasizing the ef- 
fectiveness of this drug. 

Although slowing of the ventricular response to AF 
occurred earlier in the flecainide-digoxin group, there 
did not appear to be any hemodynamic benefit, at least 
in terms of arterial pressure. The differences in ventric- 
ular rate between the flecainide and placebo groups, al- 
though statistically significant, were not large. 

Adverse events that may have been caused by flecai- 
nide included significant hypotension (2296) necessi- 
tating treatment in 4 of 11 patients receiving flecainide- 
digoxin. Flecainide has a significant negative inotropic 
effect and should be used with caution in patients with 
impaired left ventricular function. Many of our patients 
were critically ill and some undoubtedly had compro- 
mised left ventricular function. However, during the tri- 
al period, flecainide was reported to have only a modest 
negative inotropic effect. One patient who received 
flecainide had “torsades de pointes." Flecainide, like 
other antiarrhythmic drugs, has a known proarrhyth- 
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mic effect, and was probably responsible for this ar- 
rhythmia. 

It is unlikely that digoxin used in this study had a 
significant impact on the trial outcome. The reversion 
rates were low in patients receiving placebo-digoxin. 
The only controlled study of digoxin for the treatment 
of acute AF demonstrated no beneficial effect of the 
drug over placebo.! Uncontrolled studies on the effec- 
tiveness of flecainide alone in patients with acute AF 
have shown similar reversion rates to this study,°° sug- 
gesting that significant synergism between digoxin and 
flecainide is unlikely. 

This is the first controlled study demonstrating the 
effectiveness of flecainide for reverting acute AF to 
sinus rhythm. The results of this study compare favor- 
ably with other controlled studies of new antiarrhyth- 
mic agents for acute AF occurring after cardiac sur- 
gery,!?1929 although flecainide was also effective in oth- 
er clinical settings. Most studies of antiarrhythmic 
drugs for paroxysmal AF in other clinical settings have 
not included a control group.?!-?^ Although Suttorp et 
al!! compared intravenous flecainide to intravenous ve- 
rapamil, no placebo group was included; moreover, ve- 
rapamil, although useful in slowing the ventricular re- 
sponse, may prolong the duration of AF.? 

Significant cardiac depression and ventricular ar- 
rhythmias may occur and therefore flecainide should 
not be used in patients with poor left ventricular 
function, especially if they are hemodynamically com- 
promised. Cardioversion using flecainide should only 
be performed by experienced medical personnel when 
adequate monitoring and resuscitation facilities are 
available. 
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Ablation of the Atrioventricular Junction with 
Radiofrequency Energy Using a 
New Electrode Catheter 


Jonathan J. Langberg, MD, Michael Chin, BS, David J. Schamp, MD, Michael A. Lee, MD, 
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Jerry C. Griffin, MD, and Melvin M. Scheinman, MD 


Percutaneous catheter ablation using radiofrequen- 
cy energy can be used to interrupt atrioventricular 
(AV) conduction in patients with supraventricular 
tachycardia refractory to drugs. Results of radio- 
frequency ablation of the AV junction using a cus- 
tom-designed catheter with a large, 3-mm-long dis- 
tal electrode, 2-mm interelectrode spacing, and a 
shaft with increased torsional rigidity were com- 
pared with those using a standard quadripolar elec- 
trode catheter (Bard EP). An electrocoagulator 
(Microvasive Bicap 4005) supplied unmodulated ra- 
diofrequency current at 550 kHz, which was ap- 
plied between the distal electrode of the ablation 
catheter and a large skin electrode. With use of the 
modified catheter, 12 of 13 patients (9296) had 
persistent complete AV block induced with 7 + 5 
applications of 18 + 6 W of radiofrequency power. 
In contrast, complete AV block was produced in 
only 9 of 18 (50%) historical control patients treat- 
ed with the standard catheter, despite a similar 
number of applications (7 + 5) and power output 
(16 + 4 W). A rise in impedance, due to desiccation 
of tissue and coagulum formation, occurred earlier 
(28 + 18 vs 52 + 24 seconds, p <0.001) and more 
frequently (54 vs 40% of applications, p = 0.047) 
in patients treated with the standard catheter than 
in patients treated with the modified catheter. The 
use of a catheter designed to increase the surface 
area of electrode-tissue contact allows more radio- 
frequency energy to be delivered before a rise in 
impedance occurs and appears to increase the ef- 
fectiveness of radiofrequency ablation of the AV 
junction. 

(Am J Cardiol 1991;67:142-147) 
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ular (AV) junction has emerged as an important 

therapy for patients with supraventricular tachy- 
cardia refractory to drugs.! The use of high-voltage, di- 
rect-current defibrillator discharges as an ablative ener- 
gy source is associated with several disadvantages, in- 
cluding the need for general anesthesia and the risk of 
serious barotraumatic side effects. Radiofrequency 
current is a promising alternative that causes tissue in- 
jury solely through resistive heating and is not associ- 
ated with arcing or explosive gas formation.^ It has been 
used to produce complete AV block in animals? and hu- 
mans^/ without serious complications. However, when 
standard diagnostic catheters are used, multiple applica- 
tions of current are often required and not all patients 
can be successfully ablated. Several studies suggest 
that the size of the electrode-tissue interface and con- 
tact pressure are important determinants of radiofre- 
quency lesion volume.5? Based on these observations, a 
new electrode catheter was designed, and its safety and 
effectiveness for radiofrequency ablation of the AV 
junction were assessed. 


P ercutaneous catheter ablation of the atrioventric- 


METHODS 

Patients: All patients referred to our institution for 
ablation of the AV junction (with the intention to create 
complete AV block) between February and August 
1989 agreed to participate and were enrolled in the 
study. Patients who had radiofrequency ablation of the 
AV junction with a standard catheter between March 
1988 and February 1989 served as historical control pa- 
tients. This group has, in part, been described in a previ- 
ous report. 

Clinical characteristics of both patient groups are 
summarized in Table I. In the study group, mean age 
was 56 years (range 20 to 86) and 9 of 13 were men. 
Symptomatic supraventricular tachycardia had been 
present for 8.5 + 6.6 years, during which time patients 
proved resistant to or intolerant of a mean of 5.1 + 1.4 
antiarrhythmic drugs, including amiodarone in 8 pa- 
tients. 

As listed in Table I, there were no significant differ- 
ences in age, sex distribution, duration of symptoms or 
antiarrhythmic drug use between the historical control 
and study patients. 

Most patients in both groups had atrial fibrillation, 
atrial flutter or atrial tachycardia (Table I). AV node 
reentry tachycardia refractory to drugs was the indica- 
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TABLE I Clinical Characteristics of Patients Undergoing Radiofrequency Ablation of the Atrioventricular Junction 


Age (yr) Heart Duration of No. of 
& Sex Disease LVEF (%) Arrhythmia Symptoms (yr) Symptoms Drugs Used 


Study Patients (Ablation Performed Using Modified Catheter) 


AF /flut 
AF /flut 
AF A tach 
AF /flut 
AF 

AF 

AF /flut 


B L, LOC 
P, D, LOC 
P, D, L, LOC 
P.D 

P, CP 
P.L 

P, D, CP 
P.D,L 

P, CP 

P, D, LOC 
P,D 

P, CP 


(00400 A Q n9 — 
OrABAN WUD WO 


Ebstein's 
MVR 
VSD 


N NM 
| - 


5 
4 
6 
6 
4 
4 
4 
3 
6 
5 
8 
7 
5 
5; 


A /flut 
AVRT 

A tach 
AVNRT/A tach 
A tach 

Flut 

AF 

AF /flut 

AF /AVNRT 
AF 

Flut 
AVNRT 

AF 

AVRT 

AF 

AVRT 

AF / AVRT 


— 
íRoWuoo 


oe N m 
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P, CP, LOC 
Mean + SD 


* Difference not significant compared with the study group. 

AF = atrial fibrillation; A tach = atrial tachycardia; AVNRT = atrioventricular nodal reentry tachycardia; AVRT = atrioventricular reentry tachycardia via a concealed bypass tract; 
CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; CP = chest pain; D = dyspnea; Ebstein's = Ebstein's anomaly; flut = atrial flutter; HC = 
hypertrophic cardiomyopathy; IDC = idiopathic dilated cardiomyopathy; JET = junctional ectopic tachycardia; L = lightheadedness; LOC = loss of consciousness; LVEF = left 


ventricular ejection fraction; MVR = mitral valve replacement; P = 
ventricular septal defect. 


tion for ablation in 3 historical control patients. Subse- 
quently, patients with AV node reentry have been treat- 
ed with an ablative procedure designed to preserve con- 
duction. Thus, none of the patients in the study group 
had AV node reentry tachycardia. 

Electrode catheter configuration: The electrode 
catheter used to apply radiofrequency current to the AV 
junction is shown in Figure 1. The 6Fr shaft is con- 
structed of polyethylene reinforced with a braided wire 
mesh, resulting in increased torsional rigidity and allow- 
ing increased contact pressure at the atrial septal border 
of the tricuspid anulus. The distal electrode (through 
which radiofrequency current is applied) is 3-mm long, 
with a surface area of 19 mm? as opposed to 13 mm? 
for a conventional 7Fr diagnostic catheter with a 2-mm- 
long distal electrode. The ablation catheter has narrow 
(2 mm) interelectrode spacing, intended to facilitate ac- 
curate mapping of the AV junction. 

Radiofrequency ablation of the AV junction was 
performed in the control group using a standard 7Fr 
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palpitations; SCD = sudden cardiac death; SD = standard deviation; SH = systemic hypertension; VSD = 





quadripolar electrode catheter with 1-cm interelectrode 
spacing (Bard Electrophysiology). 

Experimental protocol: All patients referred for ab- 
lation of the AV junction with the intention to create 
complete AV block were enrolled in the study and gave 
written, informed consent for the procedure. 

A 6Fr quadripolar electrode catheter was introduced 
into the femoral vein and placed in the right ventricular 
apex for temporary pacing. The ablation catheter was 
positioned across the tricuspid anulus and manipulated 
to record the largest His electrogram at a location 
where the atrial:ventricular electrogram ratio was maxi- 
mal. In patients with atrial fibrillation, the catheter was 
manipulated to record the largest His electrogram and 
then moved proximally until fibrillatory activity was 
present but did not wholly obscure the His electrogram. 

The apparatus used to apply radiofrequency current 
has been described previously.° An electrosurgical unit 
(Microvasive Bicap 4005) supplied unmodulated radio- 
frequency current at 550 kHz. The output was routed 
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through a custom-designed controller that allowed mon- 
itoring of applied voltage and current. The power set- 
ting was kept constant at 16 W, but because of the vari- 
ation in loading conditions among patients, actual deliv- 
ered power varied somewhat. Radiofrequency energy 
was applied between the distal pole of the ablation cath- 
eter and a large skin electrode placed on the left posteri- 
or chest wall. The surface electrocardiogram was fil- 
tered through a custom-designed low-pass filter to al- 
low continuous monitoring during each application of 
current. 

Except for the type of catheter used, the ablation 
protocol was identical for both the study group and his- 
torical control patients. The duration of each applica- 
tion of radiofrequency current depended on the ob- 
served electrophysiologic response. If AV block oc- 
curred during the course of an ablation, current flow 
was continued for an additional 30 seconds after the 
onset of block. If conduction resumed after cessation of 
current flow, the ablation was repeated without moving 
the catheter. During some radiofrequency applications, 
no effects on conduction were observed. In this situa- 
tion, current was applied for a total of 60 to 120 sec- 
onds to ensure that steady-state conditions had been 
achieved. After such an unsuccessful ablation, the cath- 
eter was repositioned and the procedure repeated. 

In the course of some applications of radiofrequency 
current, a rise in impedance, manifest as an abrupt de- 
crease in current, was observed. This resulted from 
tissue desiccation and coagulum formation. Therefore, 
energy application was discontinued immediately, the 
catheter was withdrawn, and any adherent coagulum 
removed from the distal electrode. 

Radiofrequency current application was repeated 
until persistent, complete AV block was observed. The 





FIGURE 1. Electrode catheters used for radiofrequency abla- 
tion of the atrioventricular junction. Top, standard 7Fr quadri- 
polar catheter with 1-cm interelectrode spacing. Below, cus- 


tom-designed catheter used in study patients. Note the larger 
distal electrode and the 2-mm interelectrode spacing. 
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patient was observed for 15 to 30 minutes and, if com- 
plete AV block persisted, a permanent pacemaker was 
implanted. 

If 3 successive changes in catheter position failed to 
produce even transient effects on conduction, then no 
further radiofrequency applications were performed and 
the procedure was considered unsuccessful. All such pa- 
tients then had ablation using direct-current defibrilla- 
tor discharges. After general anesthesia was induced 
(sodium pentobarbital), 2 to 4 shocks (300 J) were de- 
livered with the distal electrode of a standard 6Fr 
quadripolar catheter serving as the cathode and the 
large skin electrode as the anode. 

Patients had continuous electrocardiographic moni- 
toring for 48 hours after the ablation. Creatine kinase 
and creatine kinase-MB isoenzyme values and 12-lead 
electrocardiograms were obtained 4 and 24 hours after 
the procedure. Echocardiography was performed 1 or 2 
days after the procedure in all patients. 

Results are expressed as mean + standard deviation. 
Comparison between the groups was performed by chi- 
square (incidence of rise in impedance), analysis of vari- 
ance (electrogram amplitudes and time to rise in imped- 
ance) and Fisher's exact test (efficacy rates). 


RESULTS 

Electrophysiologic and biophysical parameters dur- 
ing ablation: For those patients in sinus rhythm at the 
time of the ablation, the mean bipolar atrial:ventricular 
electrogram ratio was 0.75 + 0.60 in the study group 
versus 1.2 + 0.60 in the historical control patients (dif- 
ference not significant). Although there was a trend 
toward smaller bipolar His electrograms in the study 
patients, this did not achieve statistical significance (114 
+ 101 vs 190 + 227 uV). 

The characteristics of radiofrequency application in 
the study and control patients are summarized in Table 
II. There were no significant differences in applied pow- 
er or number of applications of radiofrequency between 
the 2 groups. However, an abrupt rise in impedance, 
due to desiccation of tissue and coagulum formation, 
was significantly more frequent in the control group (54 
vs 40%, p = 0.047). Similarly, the duration of radiofre- 
quency current flow until a rise in impedance occurred 
was longer for patients treated with a modified catheter 
than for control patients (52 + 24.5 vs 27.6 + 17.8 sec- 
onds, p <0.001). 

Effects of ablation: When a standard diagnostic 
catheter was used to deliver the ablative energy, persis- 
tent complete AV block was induced in 9 of 18 (50%) 
control patients (Figure 2). An additional patient treat- 
ed with the standard catheter had return of conduction 
one-half hour after the procedure. Because of the pres- 
ence of second-degree AV block and a PR interval 
2400 ms for conducted beats, a repeat ablation was not 
performed. In contrast, complete AV block was induced 
with radiofrequency current in 12 of 13 (92%) patients 
treated with the modified catheter (p = 0.015). 

The outcome of patients treated successfully with ei- 
ther catheter configuration was similar (Table III). 
There were no significant differences in escape rates, 
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Mean No. of 
Power (W) RF App. 


1 
2 9 
3 15 i 
4 12 7 
5 16 15 
6 16 19 
7 15 2 
8 18 4 
9 19 8 
10 15 9 
11 18 4 
12 19 11 
13 15 2 






7.13 5.2/pt. 


l 

2 $ S 
3 11 11 
E 17 3 
5 16 7 
6 15 3 
7 15 1 
8 24 2 
9 15 14 
10 24 10 
11 14 2 
12 16 10 
13 16 8 
14 16 9 
15 27 1 
16 16 2 
17 17 10 


18 
6.9 4: 5/pt. 





Mean + SD 


* p = 0.047; t p «0.001 vs control patients. 
App. = applications; RF = radiofrequency; SD = standard deviation. 









site of the escape pacemaker, creatine kinase or creatine 
kinase-MB isoenzyme levels between the 2 groups. All 
patients successfully treated were discharged from the 
hospital with persistent complete AV block. 

Eight control patients who could not have conduc- 
tion interrupted with radiofrequency had direct-current 
shock ablation of the AV junction. Complete AV block 
was induced in 5 of these 8 patients. The single patient 
in the study group for whom radiofrequency ablation 
failed also had persistent complete AV block produced 
with direct-current ablation. 

Complications of radiofrequency ablation: No blood 
pressure changes in excess of 10 mm Hg were seen dur- 
ing application of radiofrequency current, nor was sus- 
tained ventricular tachycardia produced. Premature 
ventricular contractions and nonsustained ventricular 
tachycardia (up to 4 beats) was observed in 5 of 18 
control patients and in 8 of 13 study patients treated 
with the modified catheter. No higher grades of ventric- 
ular ectopy were seen in patients treated with radiofre- 
quency ablation. Mild burning chest discomfort was re- 
ported by 7 patients in each group. This was transitory 


TABLE Il Biophysical Parameters During Radiofrequency Ablation of the Atrioventricular Junction 


Study Patients (Radiofrequency Delivered via a Modified Catheter) 





Mean Time to Rise 
in Impedance (s) 


Incidence of Rise 
in Impedance 





4/8 

1/3 

0/4 

2/7 44 
9/15 29 
14/19 34 

1/2 58 

1/4 69 
0/8 

6/9 20 
0/4 

0/11 

1/2 85 
42/105 app.* 52+24s' 


4/11 $ 
3/3 26 
6/7 19 
1/3 6 
0/1 

1/2 18 
5/14 7 
2/10 8 
0/2 

9/10 25 
5/8 17 
5/9 37 
0/1 

2/2 35 
4/10 51 









67 /124 app. 28+18s 









and did not require additional analgesia. Control patient 
2 (treated with radiofrequency only) had symptomatic, 
nonsustained, polymorphous ventricular tachycardia 12 
hours after ablation. This was abolished with an in- 
crease in the rate of pacing from 50 to 80 beats/min. 
The patient was treated with mexiletine for 2 weeks and 
has had no symptomatic arrhythmias after a follow-up 
of 10 months. Echocardiography was notable for the ab- 
sence of pericardial fluid, new wall motion abnor- 
malities or evidence of tricuspid valve damage in any 
patient. 


DISCUSSION 

Radiofrequency ablation of the AV junction was 
performed in 13 patients using an electrode catheter 
modified with a large distal electrode. Persistent AV 
block was achieved in 12 of 13 patients (92%) with this 
device, compared with 9 of 18 (50%) historical control 
patients treated with a standard catheter. A rise in im- 
pedance, due to desiccation of tissue and coagulum for- 
mation, was significantly less likely with the new cathe- 
ter. Wang et al!! reported a similar decrease in the inci- 
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STUDY CONTROL 
PATIENTS PATIENTS 


RF ABLATION RF ABLATION 
MODIFIED STANDARD 
CATHETER CATHETER 

N = 13 N - 18 


FIGURE 2. Summary of results. AVB = 
atrioventricular block; CAVB = complete 
atrioventricular block; DC = direct current; 


RF FAILURE RF SUCCESS RF FAILURE RF SUCCESS 


NO CAVB PERSISTENT NO CAVB PERSISTENT RF = radiofrequency current; Rx = treat- 


N=1 CAVB N-9 CAVB 
= 12 N-9 ment. 


a. DC SHOCK 2* AVB AFTER DC SHOCK DC SHOCK 

Á SUCCESS RF SUCCESSS FAILURE 
CAVB NO FURTHER CAVB NO AV BLOCK 
N=1 Rx N=1 N=5 N=3 





dence of rise in impedance when a large surface area tional to the size of the ablating electrode.’ A recent 
electrode was used for radiofrequency ablation of the animal study in our laboratory showed a doubling of 
AV junction. Efficacy was similar to that achieved with radiofrequency lesion volume with an increase in elec- 
a standard catheter but fewer radiofrequency applica- trode length from 2 to 3 mm. The pres- 
tions were required to produce AV block using the large ent study suggests that features designed to increase the 
electrode catheter. A simple thermodynamic model pro- surface area of electrode contact— bigger electrodes and 
posed by Haines and Watson! predicts that radiofre- increased torsional rigidity of the catheter shaft—Tresult 
5 quency lesion volume is directly proportional to the sur- in improved clinical results as well. 
face area of electrode-tissue contact. In vitro studies Study limitations: The comparison of atrial and His 
confirm that radiofrequency lesion volume is propor-  electrograms recorded from the standard and modified 


TABLE Ill Outcome of Patients Successfully Ablated with Radiofrequency Energy 
























Escape Rate After Escape Rhythm CK/MB 
Ablation ewe / min) After Ablation xà / ml) (U/ml) 

0 

v, —— — 

0 143 0 

Junctional 33 0 

Ventricular — — 

Junctional 144 3 

Junctional 274 0 

Junctional 77 0 

Junctional 78 0 

Junctional — — 

Junctional 5 — 

Junctional — — 












Mean + SD 41 18* 119 + 73* 0.4 1* 

| 2 Junctional 526 

4. 3 Junctional 101 = 
| 4 i Junctional -— — 
7 42 Junctional 98 0 
| 10 60 Junctional 100 0 
- 12 38 Junctional 324 10 
3 13 54 Junctional 157 4 
d Y 36 Ventricular — — 
| Junctional 4 












Mean + SD 4618 242 + 172 


*Difference not significant compared with control patients. 
AV = atrioventricular block; CK = creatine kinase; MB = creatine kinase cardiac muscle isoenzyme; SD = standard deviation. 
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catheters is of limited significance, because the differ- 
ences in electrode surface area and interelectrode spac- 
ing are likely to have influenced endocardial signal am- 
plitudes. However, the fact that His electrogram ampli- 
tude was less in study patients suggests that improved 
catheter position may not have played a major role in 
the higher efficacy rate. 

The most important limitation of this study is the 
use of historical control patients. Some of the improved 
efficacy with the modified catheter may have been the 
result of a “learning curve,” owing to a larger experi- 
ence with radiofrequency ablation. However, rise in im- 
pedance was less frequent and took longer to occur with 
the modified catheter, allowing more power to be cou- 
pled to the tissue. This distinct difference in perfor- 
mance suggests that the new catheter design contrib- 
uted to increased efficacy. 
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Relative Importance of Activation Sequence 
Compared to Atrioventricular Synchrony in 
Left Ventricular Function 


Marten Rosenqvist, MD, PhD, Karl Isaaz, MD, Elias H. Botvinick, MD, Michael W. Dae, MD, 
James Cockrell, MD, Joseph A. Abbott, MD, Nelson B. Schiller, MD, and Jerry C. Griffin, MD 


This study evaluated the relative hemodynamic im- 
portance of a normal left ventricular (LV) activation 
sequence compared to atrioventricular (AV) syn- 
chrony with respect to systolic and diastolic func- 
tion. Twelve patients with intact AV conduction and 
AV sequential pacemakers underwent radionuclide 
studies at rest and Doppler echocardiographic stud- 
ies at rest and during submaximal exercise, com- 
paring atrial demand pacing (AAI) to sequential AV 
sensing pacing (DDD) and ventricular demand pac- 
ing (VVI). Studies at rest were performed at a con- 
stant heart rate between pacing modes, and the ex- 
ercise study was performed at a constant heart 
rate and work load. Cardiac output was higher dur- 
ing AAI than during both DDD and VVI (6.2 + 1 vs 
5.6 + 1 and 5.3 + 1 liters/min, p <0.05). LV ejec- 
tion fraction was likewise higher during AAI (55 + 
12 vs 49 + 11 vs 51 + 13, p <0.05). VVI with or 
without AV synchrony was associated with a para- 
doxical septal motion pattern, resulting in a 2596 
impairment of regional septal ejection fraction. In 
addition, LV contraction duration was more homog- 
enous during AAI. Peak filling rate during AAI and 
VVI was higher than during DDD (2.86 + 1 and 
2.95 + 1 vs 2.25 + 1 end-diastolic volume/s; p 

« 0.05). During VVI, the time to peak filling was 
significantly shorter than during both AAI and DDD 
(165 + 34 vs 239 + 99 and 224 + 99 ms; p 
«0.05). Doppler echocardiographic evaluation of 
cardiac systolic function (peak aortic blood velocity, 
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mean aortic blood acceleration and systolic ventric- 
ular time integral) during rest and submaximal ex- 
ercise showed improved LV performance with AAI 
compared to both DDD and VVI. VVI with or with- 
out AV synchrony resulted in an altered activation 
pattern of the left ventricle, associated with delayed 
onset, asynchronous contraction, interventricular 
septal motion abnormalities and an impaired LV 
systolic function. These changes persisted during 
submaximal exercise. Peak filling rate depended 
more on a normal LV activation pattern than on AV 
synchrony. It is concluded that normal ventricular 
activation is a prerequisite for optimal LV function. 
Pacing systems allowing a normal ventricular acti- 
vation pattern (AAI or DDD with a long AV delay) 
are preferred for patients who have intact AV con- 
duction but require artificial pacing. 

(Am J Cardiol 1991;67:148-156) 


contraction between the atrium and the ventri- 

cle as well as a normal ventricular activation se- 
quence using the specialized cardiac conduction system. 
In the absence of intact conduction, artificial pacemak- 
ers provide a variably altered contraction pattern. Ani- 
mal studies have shown that a normal contraction pat- 
tern is a prerequisite for preservation of both systolic! 
and diastolic function? Results of clinical studies have 
differed regarding the hemodynamic importance of a 
normal ventricular activation sequence. Greenberg et 
al? found no difference between atrial demand pacing 
(AAI) and sequential atrioventricular (AV) sensing 
pacing (DDD) in patients undergoing cardiac catheter- 
ization. In contrast, Askenazi et al^ found that with 
DDD there was a deterioration in left ventricular (LV) 
function compared to AAI. They concluded that this 
deterioration was caused by the asynchronous pattern of 
ventricular activation during ventricular demand pacing 
(VYD. Furthermore, Grines et al? using radionuclide 
ventriculography, showed that patients with left bundle 
branch block and without underlying heart disease had 
decreased LV ejection fraction compared to control sub- 
jects. They attributed this to an altered activation se- 
quence. The present study used scintigraphic?" and 
Doppler echocardiographic methods?? to evaluate the 
importance of a normal ventricular activation pattern 


A normal heart beat includes both a synchronous 
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TABLE Clinical Characteristics 


Indication 
for PM Sx 


Age (yr) 


Pt. No. & Sex 
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IHD CHF 


IVCD VA PR 


CHF = congestive heart failure; CSS = carotid sinus syndrome; D = dizziness; IHD = ischemic heart disease; IVCD = intraventricular conduction defect; LBBB = left bundle branch 
block; NA = data not given; PM = pacing mode; PR = PR interval; RBBB = right bundle branch block; S = syncope; SD = standard deviation; SND = sinus node disease; Sx = symp- 
toms; VA = ventriculoatrial conduction; VSS = vasovagal syncope with bradycardia; + = present; — = absent. 


Mean + SD 


Heart Rate (beats /min) 


Work Load 


Exercise (Watts) 


1074+ 14 


AAI = atrial demand pacing; AV = atrioventricular; DDD = sequential atrioventricular sensing pacing; SD = standard deviation. 


with respect to systolic and diastolic function achieved 
by AAI compared to DDD and VVI in patients at rest 
and during exercise. 


METHODS 

Patients: Patients with intact AV conduction and 
multiprogrammable AV sequential pacemakers were 
candidates for this study. Twelve patients were recruit- 
ed from the 18 patients with DDD pacemakers and in- 
tact AV conduction regularly followed at the pacemak- 
er clinic. Subjects were excluded if severe angina pecto- 
ris, congestive heart failure, an ejection fraction <30% 
or severe intercurrent diseases were present. This study 
was approved by the human research committee and 
every patient gave their written informed consent. Ten 
patients participated in both the studies at rest and dur- 
ing exercise, whereas 2 participated only in the study at 
rest. Clinical characteristics of the 12 patients are listed 
in Table I. 

Study protocol: Patients arrived at the laboratory in 
the morning, when heart rate and work load for the ex- 
ercise study were selected. This was done individually 
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for each patient by a screening exercise period that per- 
mitted identification of a submaximal level of exercise 
that could be maintained for the required 8- to 10-min- 
ute imaging period. Pacemakers were programmed in 
random order to 3 different pacing modes: AAI, DDD 
or VVI, at rates exceeding the intrinsic heart rate by 
approximately 10 beats/min in order to achieve maxi- 
mal QRS duration during DDD and VVI. In each pa- 
tient the same rate was used for all 3 pacing modes. 
With DDD, the AV delay was chosen so as to achieve 
the longest AV delay permitting complete ventricular 
capture without fusion. Ventricular fusion was consid- 
ered to be absent if the paced complex had the same 
width as that seen during VVI. The actual AV delays 
during DDD and AAI are listed in Table II. The AV 
delay during exercise was the same as during rest. 
Blood pressure and electrocardiograms were monitored 
at rest and at each level of exercise. Doppler echocar- 
diographic assessment at rest was followed by exercise 
evaluation. During studies at rest, a recovery time of 25 
minutes was respected after each reprogramming before 
acquisition was started. Submaximal reclining bicycle 
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exercise was performed at a constantly paced heart rate 
exceeding the intrinsic heart rate during exercise by 10 
to 15 beats/min and at a constant work load. In each 
patient the paced rate was the same for all 3 (AAI, 
DDD and VVI) modes. During exercise the electrocar- 
diogram was monitored to avoid fusion activity or con- 
ducted supraventricular beats. A variable-load supine 
bicycle ergometer (Engineering Dynamics Corporation 
Model 8420, Lowell, Massachusetts) was used for exer- 
cise testing. The patients exercised at a constant speed, 
beginning at a work load of 10 W and increasing by 10 
W every 2 minutes until reaching the desired work load. 
Echocardiographic evaluation commenced after 5 min- 
utes at this submaximal steady-state exercise. A recov- 
ery period of 15 minutes followed each exercise period, 
during which the patient was programmed to the next 
pacing mode in the sequence and the study repeated. 
Approximately 4 hours later, the patient underwent the 
radionuclide study at rest. The same aforementioned 
randomized protocol was used. 

Doppler echocardiographic studies: Doppler stud- 
ies were performed with a combined 2-dimensional 
and Doppler Ultrasound system (Advanced Technology 
Laboratory, ultramark 6) with a 2.5-MHz transducer. 
Doppler recordings were obtained in the continuous- 
wave mode to allow unambiguous measurements of 
high velocities during exercise. Doppler examination 
was performed with the ergometer table tilted to 20? in 
order to place patients in the left decubitus position, 
with the transducer placed at the cardiac apex to image 
the apical 4-chamber view. The feasibility of this proto- 
col for exercise Doppler echocardiography has been 
shown previously. After imaging of the LV outflow 
tract, the aortic flow was localized in the pulsed mode, 
then maximized and recorded after activation of the 
continuous-wave mode at a sweep speed of 75 mm/s. 
Care was taken to obtain continuous-wave Doppler sig- 
nals with highest audible frequency, maximal velocity 
and clearly definable envelope. Aortic flow velocity 
measurements were made off-line with a computer 
analysis system (Freeland) interfaced to a videotape re- 
corder. An average of 6 to 10 high-quality Doppler sig- 
nals were used for analysis. The peak aortic flow veloci- 
ty and the mean flow acceleration, defined as the ratio 
of peak aortic flow velocity to acceleration time, 2 
Doppler ejection indexes of LV performance, were 
measured. Changes in the aortic flow velocity integral 
(total area under the flow velocity curve), which provide 
an estimate of changes in stroke volume,? were also 
computed. Analysis was performed without knowledge 
of the actual pacing mode. 

Radionuclide techniques: Equilibrium blood pool 
scintigrams were acquired with patients supine in the 
“best septal" projection at rest, 3 to 5 minutes after 
each adjustment of the pacemaker setting. Erythrocyte 
labeling was performed in vivo according to the stan- 
dard “in vivtro" method,!! where, 20 minutes after ad- 
ministration of unlabeled stannous pyrophosphate, 10 
ml of the patient's blood is mixed and labeled with 20 to 
30 mCi of technetium-99m pertechnetate and reinjected 
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intravenously. Imaging commenced 10 minutes later. In 
all but 3 cases, electrocardiographic lead placement was 
adjusted to assure gating of the QRS complex. In 3 
cases, the pacing spike served as the gating trigger. In 
all cases, acquisition was in list mode and was subse- 
quently formed into separate studies with 20-ms frames 
and with our conventional 24 frames per cycle. A mark- 
er on the electrocardiographic tracing always demon- 
strated regularity of gating, confirmed by the presence 
of a spike on the beat-length histogram, plotting RR 
interval versus its frequency. In addition to global LV 
and right ventricular ejection fractions calculated from 
semiautomatic regions of interest, regional ejection frac- 
tions for septal and lateral LV segments were deter- 
mined from manually drawn regions on an ejection 
fraction image. Ventricular volumes were calculated 
from the standard 24-frame study with our established 
adaptation of the method of Links et al.!? 

A third harmonic fit of the resultant time versus the 
radioactivity curve, generated from 24 automatically fit 
LV regions of interest, was used to generate peak filling 
rate, time to peak filling and first-third LV filling frac- 
tion. These were compared to similar values generated 
in sequential pacing studies using 20-ms frames. 

Ventricular wall motion assessment—visually, from 
the dynamic movie display—was supported by the ob- 
jective findings in ejection fraction and amplitude im- 
ages. Derived functional images were presented in 32 
colors, where hue coded the regional phase angle and 
where intensity indicated the regional amplitude, the 
latter paralleling regional stroke volume. The sequential 
pattern of ventricular contraction was related to the re- 
gional phase angle (LV®). The mean standard deviation 
of the LV phase angle (LV®) was taken as an index of 
LV synchrony. Comparison of the earliest right ventric- 
ular and LV phase angles (RV@o to LVdo) represented 
a measure of intraventricular contraction delay. Image 
analysis was performed without knowledge of the actual 
pacing mode. 

Statistics: Data are presented as mean + standard 
deviation unless otherwise stipulated. One-way analysis 
of variance with repeated measurements was used for 
calculating differences among groups. Repeated Stu- 
dent's paired f test, using the Bonferroni correction, was 
also performed between groups. Chi-square analysis was 
applied when appropriate. A p value «0.05 was consid- 
ered significant. 


RESULTS 

Patient characteristics (Tables | and Il): The mean 
age of the 12 patients in this study, 10 men and 2 wom- 
en, was 53 + 13 years. Five patients had ischemic heart 
disease and 1 had congestive heart failure. Three pa- 
tients had bundle branch block, 2 with left bundle 
branch block and 1 with right bundle branch block. 
Retrograde ventriculoatrial conduction was present in 5 
patients; in 3, the presence or absence of ventriculoatrial 
conduction could not be established. The AV delay dur- 
ing AAI at rest was significantly longer than that dur- 
ing DDD. Systolic blood pressure at rest was signifi- 
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LV = left ventricular; VVI = ventricular demand pacing; + = normal septal motion; — = abnormal septal motion; — = grossly abnormal motion; other abbreviations as in Table Il. 


cantly higher with AAI and DDD than with VVI (131 
+ 15 vs 127 € 14 vs 114 + 10 mm Hg, p <0.01). There 
were no differences in blood pressure during exercise 
(153 + 19 vs 152 + 14 vs 145 + 17 mm Hg). 

Resting nuclear studies: SYSTOLIC FUNCTION: Cardiac 
output was higher during AAI than during both DDD 
and VVI, p «0.05 (Table III). There was a tendency 
for higher cardiac output in DDD than in VVI, but that 
difference was not statistically significant (p = 0.08). 
The ejection fraction was also higher during AAI than 
during both DDD and VVI (p «0.05). End-diastolic 
volumes were higher in AAI and DDD than in VVI (p 
<0.05). However, there were no significant differences 
in end-systolic volumes among the 3 pacing modes (73.5 
+ 39 vs 78.4 + 41 vs 72.3 + 38 ml). Among subjects 
with underlying heart disease or bundle branch block, 
or both, there was the same tendency in AAI for im- 
proved systolic performance. When the 2 patients with 
left bundle branch block were excluded, there was still a 
significant difference during AAI versus DDD and VVI 
(p «0.05). 

The delay between mean right ventricular and LV 
contraction (expressed as RV@o to LV®o) was signifi- 
cantly shorter with AAI than with DDD or VVI (1.8 + 
3 vs 26 + 19 and 18 + 19, respectively; p <0.05). Dur- 
ing AAI, LV contraction occurred before the right ven- 
tricle contracted in 6 patients, and simultaneously in 3 
patients. During DDD and YVI, the right ventricular 
contraction always occurred before the LV contraction 
(Figure 1). LV contraction homogenity, expressed as 
the mean + standard deviation of the LV®, was greater 
during AAI than during both DDD and VVI (15 + 9 vs 
30 + 14 and 26 + 12, respectively; p «0.05). 

The septum showed a paradoxical pattern of move- 
ment during systole in 11 patients with VVI and in 11 
patients with DDD compared to 4 patients with AAI (p 
<0.001). This was associated with a 20 to 25% impair- 
ment of the septal regional ejection fraction compared 
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with AAI (43 + 10 vs 33 + 7 vs 36 + 8, respectively; p 
«0.05; Figure 2). 

This decrease in septal ejection fraction was not as- 
sociated with any apparent compensatory increase in 
the regional free wall ejection fraction; instead, the re- 
gional free wall ejection fraction during AAI was also 
higher than that during VVI (58 + 13 vs 51 + 8%, p 
«0.05; Figure 2). Right ventricular ejection fraction did 
not differ among the 3 pacing modes. 

DIASTOLIC FUNCTION: Peak filling rate was significant- 
ly higher during both AAI and VVI than during DDD 
(p <0.05). During VVI, the time to peak filling was 
significantly shorter than during both AAI and DDD (p 
<0.05). There was no difference in the first-third filling 
fraction among the 3 groups (24.3 + 15 vs 24.2 + 2 vs 
27.4 + 16%; Table IV). 

Doppler study (Figure 3): Peak aortic blood velocity 
at rest was greater during AAI than during both DDD 
and VVI. During exercise, the blood velocity increased 
in all 3 pacing modes, but remained significantly higher 
in the AAI group. Similarly, mean aortic blood accel- 
eration at rest was significantly higher during AAI than 
during DDD and VVI. During exercise, the acceleration 
increased in all 3 pacing modes but remained signifi- 
cantly higher in the AAI group. The systolic ventricular 
time integral at rest was significantly higher during 
AAI than during both DDD and VVI. Also DDD 
showed significantly higher Doppler values than VVI. 
During exercise, the systolic ventricular time integral in- 
creased in all groups but remained significantly higher 
in the AAI group; however, the difference between 
DDD and VVI was diminished. 


DISCUSSION 

Preservation of a normal ventricular activation pat- 
tern during AAI provided improved LV systolic and 
diastolic performance at rest compared with DDD or 
VVI. Abnormal ventricular activation with either DDD 
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or VVI caused delayed onset and asynchronous LV con- 
traction, interventricular septal motion abnormalities 
and a decrease in septal and global ejection fraction. 
The improved systolic LV performance with AAI was 
observed at rest and during submaximal exercise. Loss 
of AV synchrony during VVI resulted in an early com- 
pensatory increase in diastolic filling. Such an increase 
is probably related to an elevated diastolic left atrial 
pressure or to an increased LV suction effect, as sug- 
gested by previous studies. ?:!^ 

Effects of an abnormal ventricular contraction pat- 
tern on left ventricular systolic function at rest: In 
1925, Wiggers!? suggested that ventricular stimulation 
does not produce as well-organized a wave of ventricu- 
lar contraction as when the heart is stimulated by an 
intact AV conduction system. A subsequent animal 
study suggested that an abnormal ventricular activation 
pattern results in a significant deterioration in LV sys- 
tolic performance independent of AV synchrony.! In ad- 
dition, Adomian et al! showed histologic LV changes in 
adult dog hearts paced from the right ventricular apex 
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for 4 to 6 months. Few clinical studies in humans have 
tried to evaluate the importance of a normal ventricular 
activation sequence during artificial pacing. Greenberg 
et al? evaluated the hemodynamic influence of a normal 
LV contraction pattern in patients with various cardiac 
disorders. They were not able to find any differences 
with respect to cardiac output and end-diastolic pres- 
sures between AAI and DDD. In contrast, Sheffer et 
al" showed an improved LV performance with AAI 
compared with DDD in patients with primary conduc- 
tion disorders. Similar observations were made by As- 
kenazi et al,* who reported a decreased dP/dt, stroke 
volume and LV ejection fraction during DDD com- 
pared with AAI. Grines et aP recently studied patients 
with left bundle branch block without underlying heart 
disease. Compared with healthy control subjects, pa- 
tients with bundle branch block displayed a decrease in 
global ejection fraction, due entirely to altered LV acti- 
vation. Indeed, in the present study, results from both 
radionuclide and Doppler studies suggest that an abnor- 
mal activation sequence significantly degrades LV sys- 
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FIGURE 1. A, time versus radioactivity curves. Each panel shows end-diastolic frames, the related computer-generated left ven- 
tricular region of interest and the time versus radioactivity curve generated from multiple regions of interest in 1 patient. The il- 
lustrated frame is highlighted on the curve acquired during atrial demand pacing (upper left), sequential atrioventricular sensing 
pacing (upper right) and ventricular demand pacing (bottom). Left ventricular ejection fraction decreases with both sequential 
atrioventricular sensing pacing and ventricular demand pacing. The study acquired in the sequential atrioventricular sensing 
pacing mode was gated off the atrial pacing spike, causing a minor shift in the curve and resultant absolute phase angles, but 
without effect on phase sequence or phase relations. Note the early phase angle at the right ventricular apex in studies acquired 
with sequential atrioventricular sensing pacing and ventricular demand pacing. B, functional images for 1 patient. Shown are the 
ejection fraction images (top row), color-coded for regional ejection fraction, and the phase-amplitude images (bottom row), col- 
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tolic function at rest. In contrast to the study by 
Sheffer,! patients with associated heart disease in our 
study showed a similar deterioration to those without 
heart disease. 

It could be anticipated that patients with preexisting 
left bundle branch block would show no improvement 
during AAI compared with DDD. Surprisingly, our 2 
patients with left bundle branch block showed an im- 
provement during AAI similar to patients without bun- 
dle branch block. This might imply that an activation 
sequence involving a partially intact conduction system 
is still more favorable than pacing via slow conducting 
myocardial tissue from the right ventricle. Further stud- 
ies including larger numbers of patients with bundle 
branch block have to be undertaken to resolve this issue. 

End-diastolic volumes were significantly larger in 
both AAI and DDD than in VVI, most probably re- 
flecting the atrial contribution in the 2 former pacing 
modes. !* 

Although there were trends toward an improved sys- 
tolic performance (cardiac output, peak aortic flow and 
mean aortic acceleration and systolic ventricular time 
integral) with DDD versus VVI, this difference was not 
statistically significant. Most patients in our study had 
essentially normal ventricular function, with normal 
myocardial reserve, and this may in part account for the 


lack of difference. In fact, the most dramatic functional 
improvement shown in association with DDD compared 
with VVI has been in patients with high-grade AV 
block and significant structural heart disease." 

[n the present study the AV delay during DDD was 
not optimized. Wish et al^? pointed out that the most 
important factor for optimal cardiac performance is the 
contraction of the left atrium, which usually occurs 30 
to 40 ms after right atrial contraction. Mehta et al?! 
evaluated variations in cardiac output with different AV 
intervals and concluded that no real differences oc- 
curred with AV intervals between 100 to 200 ms. In the 
present study, the average AV delay during DDD was 
140 + 30 ms, and 6 patients had to be programmed to 
an AV delay of «150 ms (range 90 to 130 ms; Table II) 
to avoid fusion activity. However, even when excluding 
patients with an AV delay 7150 ms, cardiac output, 
ejection fraction, aortic peak velocity and mean aortic 
acceleration was higher during AAI. Thus, we do not 
feel that differences in AV delay could explain differ- 
ences between AAI and DDD. 

INTERVENTRICULAR ASYNCHRONY AND SEPTAL MOTION: 
As expected there was a significant delay between L'V 
and right ventricular contraction during both DDD and 
VVI. These findings agree with those of Grines et al,’ 
who compared patients with left bundle branch block to 





or-coded for regional phase angle and intensity-coded for amplitude, from serial studies performed in the same patient (Table Ill, 
patient no. 6) during atrial demand pacing, sequential atrioventricular sensing pacing and ventricular demand pacing (left to 
right). Note the full “ejection shell” with relatively synchronous phase angles distributed through both ventricles with atrial de- 
mand pacing (left). However, with sequential atrioventricular sensing pacing (center) and ventricular demand pacing (right), sig- 
nificant amplitude is lost, matching the decline in regional ejection fraction and the calculated decrease in left ventricular ejection 
fraction, as contraction sequence becomes dysynchronous. Ventricular dysynchrony is well illustrated by the range of phase an- 
gles (colors) within the left ventricle. Clear dysynergy, with paradoxical septal motion, is observed, where the color in the region 
of the distal septum indicates extreme phase delay in the studies acquired with sequential atrioventricular sensing pacing and 


ventricular demand pacing. 
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normal subjects. In addition, LV contraction duration 
was shorter during AAI than during both VVI and 
DDD, probably reflecting increased homogenity of LV 
contraction.? 

Studies of patients with either left bundle branch 
block or VVI have revealed abnormal septal motion 
during systole.??? During VVI, the right ventricle tends 
to contract earlier than the left ventricle and the right 
ventricular peak systolic pressure occurs earlier, exceed- 
ing the LV end-diastolic pressure and thereby displac- 
ing the septum into the left ventricle. During reversal of 
transeptal pressure gradient, the septum is again going 
to be displaced, this time into the right ventricle. This 
paradoxical septal motion was observed in the majority 
of patients during VVI as well as during DDD (Figure 
1, Table I). 

Bramlet et al? demonstrated that, in patients with 
intermittent left bundle branch block, a dramatic deteri- 
oration of LV ejection fraction and paradoxical septal 
movement occurred simultaneously with development of 


TABLE IV Diastolic Function Versus Pacing Mode 


Time to Peak Filling 


Peak Filling Rate (EDV /s) (ms) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


EDV = end-diastolic volume; other abbreviations as in Tables Il and III. 
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FIGURE 2. Regional and global ejection 


ing (VVI). (Data are mean + standard er- 
ror of the mean.) *p <0.05; PM = pacing 
mode; RV = right ventricle. 


left bundle branch block. Furthermore, Grines et ab 
could demonstrate that the decrease in global LV ejec- 
tion fraction seen in patients with left bundle branch 
block was because of a loss of interventricular septal 
contribution to ejection fraction. Similarly, in this study 
we demonstrated a decrease in regional septal ejection 
fraction during VVI and DDD as compared with AAI 
(Figure 2). 

DIASTOLIC FUNCTION VERSUS PACING MODE: Three dif- 
ferent factors are usually considered to modulate dia- 
stolic filling: LV loading, the ventricular diastolic suc- 
tion effect^* and the uniformity of systolic function. 
An appropriately timed atrial contraction augments LV 
filling and thereby loading, resulting in an increased 
end-diastolic volume shifting the Frank-Starling curve 
to a more optimal position.? 

The diastolic suction effect is driven by the pressure 
difference between the left atrium and the left ventricle. 
For example, Yellin et al!? showed that a negative ven- 
tricular pressure appeared when obstructing the mitral 
orifice. Brutsaert et al? postulated that ventricular re- 
laxation could also be influenced by temporal and func- 
tional inhomogenities in the ventricle. Zile et al,” using 
animal models, evaluated LV filling and relaxation dur- 
ing right ventricular pacing with and without AV syn- 
chrony compared with AAI. They found that pacing- 
induced LV asynchrony decreased both the global and 
regional indexes of the LV relaxation rate, independent 
of LV loading. Similar results were recently reported by 
Bedotto et al? in patients with impaired LV function. 

In the present study, AAI resulted in an increased 
peak filling rate compared to DDD, supporting the hy- 
pothesis that ventricular asynchrony in itself negatively 
affects LV filling. Diastolic filling during DDD can be 
increased by shortening of the AV delay. Whether a 
further shortening of the AV delay could have compen- 
sated for the negative asynchronous contraction effects 
seen among our patients needs further clarification. 

During VVI, the peak filling rate and the time to 
peak filling were significantly higher than during DDD. 


This finding is also in agreement with that of investiga- 
tors who noted that the loss of AV synchrony, resulting 
in an increased pressure difference between the atrium 
and the ventricle? causes a compensatory increase in 
ventricular diastolic suction and filling rate. Similarly, 
Masuyama et al,'* using pulsed Doppler echocardiogra- 
phy, reported an increased filling rate during VVI com- 
pared to DDD. 


AAI 
1.010.1 


FIGURE 3. Hemodynamic changes versus 
pacing mode during rest and exercise 
evaluated by Doppler echocardiography. 
A, peak aortic blood velocity (PKV, cm/s); 
B, mean aortic blood acceleration (Acc. m/ 
s/s); C, systolic ventricular time integral 
(VTI, e" *p «0.05; AAI = atrial demand 
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Exercise: During physical exercise, cardiac systolic 
performance is more dependent on an adequate increase 
in heart rate than on preservation of AV synchrony. In 
pacemaker patients, the contribution of AV synchrony 
during physical exercise is minimal compared to the in- 
crease in heart rate.2? Whether a preserved ventricular 
activation sequence can also contribute to improved LV 
performance during exercise has, to our knowledge, not 


Exercise 


DDD VVI AAI DDD VVI 
0.9ż0.1 0.86to.1 1.41ż.2 1.251.2 1.181.2 


Mcan aortic blood acceleration vs PM modc 


Rest Excrcisc 


VVI 
2313 19.8*2 18,8*2 


Excrcisc 


a 


DDD DDD VI 
a al 18+2 16+2 


MESE - ul 





THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 15,1991 155 


PLNY 
Y 


= 


been studied previously. In the present study, the benefit 
of AAI to improved LV systolic performance seen at 
rest persisted during submaximal exercise, as evaluated 
with 3 different Doppler variables. Whether these dif- 
ferences would persist at maximal physical exercise or 
result in an improved exercise capacity was not ad- 
dressed in this study. 

Clinical implications: Approximately 40 to 50% of 
all patients receiving permanent pacemaker have sinus 
node disease. Most of these patients have intact AV 
conduction and are possible candidates for AAI. How- 
ever, because of fear of impending high-grade AV 
block, even those with sinus node disease and normal 
AV conduction often receive either DDD or VVI pace- 
makers. Although there is a lack of prospective random- 
ized studies, evidence accumulating from retrospective 
treatment comparison studies suggests that VVI seems 
to affect negatively the natural course of patients with 
sinus node disease. Rosenqvist et al? in a 4-year follow- 
up study comparing the natural course of 168 patients 
with either AAI or VVI found a significantly higher 
incidence of new chronic atrial fibrillation, congestive 
heart failure and mortality among patients with VVI. 
There are no long-term clinical studies directly compar- 
ing DDD to AAI; therefore, it was not previously possi- 
ble to determine whether the positive effect seen during 
AAI is because of the preserved activation sequence or 
AV synchrony. Until such studies have been performed, 
AAI, preserving both AV synchrony and a normal ven- 
tricular activation pattern, should be used when possi- 
ble. In patients with DDD pacemakers and intact AV 
conduction, the AV delay should be prolonged in order 
to allow normal ventricular activation. 
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Capsules For oral use 
MECHANISM OF ACTION: CARDENE is a calcium 


entry blocker which inhibits the transmembrane influx of 
calcium ions into cardiac muscle and smooth muscle without 
changing serum calcium concentrations. The contractile 
processes of cardiac muscle and vascular smooth muscle are 
dependent upon the movement of extracellular calcium ions 
into these cells through specific ion channels. The effects of 
CARDENE are more selective to vascular smooth muscle than 
cardiac muscle. In animal models, CARDENE produces 
relaxation of coronary vascular smooth muscle at drug levels 
which cause little or no negative inotropic effect 


CONTRAINDICATIONS: Patients with hypersensitiv- 
ity to the drug. Because part of the effect of CARDENE is 
secondary to reduced afterload, the drug is also contraindi- 
Cated in patients with advanced aortic stenosis 


WARNINGS: Increased Angina: About 7% of patients 
in short term placebo-controlled angina trials have developed 
increased frequency, duration or severity of angina on 
starting CARDENE or at the time of dosage increases, 
compared with 4% of patients on placebo. Comparisons with 
beta-blockers also show a greater frequency of increased 
angina, 4% vs 1%. The mechanism of this effect has not been 
established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: 
Although preliminary hemodynamic studies in patients with 
congestive heart failure have shown that CARDENE reduced 
afterload without impairing myocardial contractility, it has a 
negative inotropic effect in vitro and in some patients 
Caution should be exercised when using the drug in conges- 
tive heart failure patients, particularly in combination with a 
beta-blocker 


Beta-Blocker Withdrawal: CARDENE is not a beta- 
blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal; any such withdrawal should 
be by gradual reduction of the dose of beta-blocker, prefera- 
bly over 8—10 days. 


PRECAUTIONS: General: Blood Pressure: Careful 
monitoring of blood pressure during the initial administration 
and titration of CARDENE is suggested. CARDENE may 
occasionally produce symptomatic hypotension. Caution IS 
advised to avoid systemic hypotension when administering 
the drug to patients who have sustained an acute cerebral 
infarction or hemorrhage. Because of prominent effects at the 
time of peak blood levels, initial titration should be performed 
with measurements of blood pressure at trough (just before 
the next dose) and at peak effect |1— 2 hours after dosing] 


Use in patients with impaired hepatic function: The 
drug should be used with caution in patients having impaired 
liver function or reduced hepatic blood flow. Patients with 

severe liver disease developed elevated blood levels (4-fold 
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increase in AUC) and prolonged half-life (19 hours) of 
CARDENE 


Use in patients with impaired renal function: Mean 
plasma concentrations, AUC, and Cmax were approximately 
2-fold higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted 


Drug Interactions: Cimetidine. Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored 


Digoxin. Some calcium blockers may increase the concentra- 
tion of digitalis preparations in the blood. CARDENE usually 
does not alter the plasma levels of digoxin, however, serum 
digoxin levels should be evaluated after concomitant therapy 
with CARDENE is initiated 


Maalox: Co-administration of Maalox TC had no effect on 
CARDENE absorption 


Fentany! Anesthesia. Severe hypotension has been reported 
during fentanyl anesthesia with concomitant use of a 
beta-blocker and a calcium channel blocker. Even though 
such interactions were not seen during clinical studies with 
CARDENE, an increased volume of circulating fluids might be 
required if such an interaction were to occur 


Cyclosporine: Concomitant administration of CARDENE and 
cyclosporine results in elevated plasma cyclosporine levels 
Plasma concentrations of cyclosporine should therefore be 
closely monitored, and its dosage reduced accordingly, in 
patients treated with CARDENE 


When therapeutic concentrations of furosemide, propranolol, 
dipyridamole, warfarin, quinidine, or naproxen were added to 
human plasma (in vitro), the plasma protein binding of 
CARDENE was not altered 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Rats treated for 2 years had a dose-dependent 
increase in thyroid hyperplasia and neoplasia. Mice treated 
for 18 months had no neoplasia or thyroid Changes and dogs 
treated for | year had no thyroid pathology. There is no 
evidence of effects on thyroid function (plasma T4, TSW) in 
man. There was no evidence of mutagenic potential in a 
battery of tests, and no impairment of fertility in male or 
female rats 


Pregnancy: Pregnancy Category C. There are no adequate 
and well-controlled studies in pregnant women. CARDENE 
should be used during pregnancy only if the potential benefit 
Justifies the potential risk to the fetus 


Nursing Mothers: It is recommended that women who 
wish to breast-feed should not take this drug 


Pediatric Use: Safety and efficacy in patients under the age 
of 18 have not been established 


Use in the Elderly: Pharmacokinetic parameters did not 
differ between elderly hypertensive patients (>65 years) and 
healthy controls after one week of CARDENE 20 mg TID 
Plasma CARDENE concentrations in elderly hypertensive 
patients were similar to plasma concentrations in healthy 
young adult subjects when CARDENE was administered at 
doses of 10, 20 and 30 mg TID, suggesting that the pharma- 
cokinetics of CARDENE are similar in young and elderly 
hypertensive patients. No significant differences in responses 
to CARDENE have been observed in elderly patients and the 
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general adult population of patients who participated in 
clinical studies 


ADVERSE REACTIONS: in short-term (up to three 
months) studies 1,910 patients received CARDENE alone or in 
combination with other drugs. In these studies, adverse 
events were generally not serious but occasionally required 
dosage adjustment. Peak responses were not observed to be 
associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
with decreases in blood pressure (tachycardia, hypotension, 
etc.) could occur around the time of the peak effect. 


Angina: The most common adverse events include pedal 
edema and dizziness in about 796 of patients; headache, 
asthenia, flushing and increased angina in about 696; 
palpitations in about 396; and nausea and dyspepsia in about 
2%. Adverse events occurring in about 196 of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
constipation, dyspnea, abnormal ECG, malaise, nervousness 
and tremor occurred in less than 1% of patients 


In addition, adverse events were observed which are not 
readily distinguishable from the natural history of the 
atherosclerotic vascular disease in these patients. Adverse 
events in this category each occurred in — 0.496 of patients 
receiving CARDENE and included myocardial infarction, 
atrial fibrillation, exertional hypotension, pericarditis, heart 
block, cerebral ischemia and ventricular tachycardia. It is 
possible that some of these events were drug-related. 


Hypertension: The most common adverse events include 
flushing in about 1096 of patients; headache and pedal edema 
in about 896, asthenia, palpitations and dizziness in about 496; 
tachycardia in about 396; nausea in about 296; and somno- 
lence in 1%. Dyspepsia, insomnia, malaise, other edema, 
abnormal dreams, dry mouth, nocturia, rash and vomiting 
occurred in less than 1% of patients 


Additionally, the following rare events have been reported 
infection, allergic reaction, hypotension, postural hypoten- 
sion, atypical chest pain, peripheral vascular disorder, 
ventricular extrasystoles, ventricular tachycardia, sore throat, 
abnormal liver chemistries, arthralgia, hot flashes, vertigo, 
hyperkinesia, impotence, depression, confusion, anxiety, 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred vision, 
increased urinary frequency 
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SYSTEMIC HYPERTENSION 


Effects of Doxazosin on Blood Pressure, 
Renin-Angiotensin-Aldosterone and 
Urinary Kallikrein 


María Ch. Oliveros-Palacios, MD, Nereyda Godoy-Godoy, MD, 
and José A. Colina-Chourio, MD 


Doxazosin, a new quinazoline-derivative postsynap- 
tic o4-adrenoceptor antagonist, was studied in this 
randomized, double-blind, placebo-controlled 12- 
week study. Its effects on blood pressure (BP), 
heart rate, metabolic functions and renal hormones 
were analyzed after administration of a single oral 
morning dose in a 3-phase fashion when adminis- 
tered to 17 patients (11 women, 6 men, 21 to 59 
years) with mild to moderate uncomplicated essen- 
tial hypertension. After titrating the antihyperten- 
sive effective dose biweekly from 1 to 8 mg/day 
and a mean end titration-point dose of 4.14 + 0.1 
mg (mean + standard error of the mean) at week 8 
of treatment, it was adjusted to maintain diastolic 
BP at levels <90 mm Hg for up to 12 weeks of 
treatment when, at a final mean dose of 4.35 + 0.2 
mg/day, BP decreased in all patients by a mean 31 
+ 3/17 + 2 (supine) and 39 + 3/15 + 3 (standing) 
mm Hg (p «0.005) with no increase in heart rate 
and no “‘first-dose phenomenon." Neither the re- 
nin-aldosterone system nor electrolyte excretion 
was significantly affected. Renal function and met- 
abolic parameters also remained unchanged. Uri- 
nary kallikrein excretion was augmented 2.47 -fold 
(p «0.002). There was good tolerance; 1 patient 
discontinued the study because of dry nose. These 
results suggest that long-term monotherapy with 
doxazosin is an effective and safe antihypertensive 
agent for mild to moderate essential hypertension 
that stimulates urinary kallikrein excretion. 

(Am J Cardiol 1991;67:157-161) 
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a major role in the initiation and maintenance 
of essential hypertension,! a-blocker agents have 
been widely used to treat hypertension and heart fail- 
ure.!~ Prazosin and trimazosin, currently available, are 
effective a blockers'?^* but have 2 relative disadvan- 
tages for some patients: They require 7-2 daily doses^?^ 
and prazosin may produce postural hypotension with 
the so-called “first dose phenomenon." ^ Doxazosin, a 
quinazoline derivative, belongs to a new class of oral 
antihypertensive agents that are chemically related and 
structural analogs to prazosin.?^* They act by selective- 
ly blocking peripheral o; postjunctional adrenoceptors 
with very little central effect!25.7? to reduce blood pres- 
sure (BP) by decreasing peripheral resistance. 2:45.10-1? 
Previous reports? ^9.10.11,13.14 have shown that this action 
does not depend on the route of administration, begins 1 
hour after administration in a dose-dependent manner 
and achieves its peak at 2 to 6 hours with minimal in- 
crease in heart rate; it has a 22-hour half-life, and its 
effect is sustained over the 24-hour dose interval, mak- 
ing it suitable for oral once-a-day dosage, likely improv- 
ing a patient's quality of life and compliance. On the 
other hand, vasodilation may also produce sodium re- 
tention and changes in sympathetic nerve activity, and 
in the renin-angiotensin-aldosterone,'^!? renal kalli- 
krein-kinin and prostaglandin systems.9.!ó 
This study was undertaken to evaluate the antihy- 
pertensive efficacy and safety of a single daily oral 
dose of doxazosin compared with placebo, and to assess 
its influence on the aforementioned renal-adrenal hor- 
mones that regulate BP, renal hemodynamics and salt- 
water homeostasis during long-term treatment at the ef- 
fective sustained antihypertensive dose in patients with 
mild to moderate uncomplicated essential hypertension. 


S ince adrenergic predominance is known to play 


METHODS 

Thirty-two patients (age 21 to 59 years) with mild to 
moderate uncomplicated stable essential hypertension 
were studied in this parallel, placebo-controlled 12-week 
study after they gave written consent and it was ap- 
proved by the Hospital’s ethic committee. They were 
either newly diagnosed or withdrawn from any standard 
prescription drug 4 weeks before the study began. All 
had normal renal function, normal results on fundos- 
copy and no electrocardiographic or radiologic signs of 
left ventricular hypertrophy. Secondary forms of hyper- 
tension and any other co-morbid event were excluded 





with the physical examination and appropriate tests. BP 
and heart rate were always measured by an automated 
device (DINAMAP) on 3 separate occasions, in each 
instance after 10 minutes in the supine position, 5 min- 
utes after sitting and after 2 minutes in the standing 
position. Each BP and heart rate reading was the aver- 
age of 2 consecutive measurements in each posture. 
These measurements were obtained immediately pre- 
ceding blood sampling when it was timed to coincide 
with the protocol times. Subjects with excessive variabil- 
ity in diastolic BP (>10 mm Hg change) were disquali- 
fied. To be eligible for entry into the study, patients had 
diastolic BP >95 and «114 mm Hg both in the supine 
and standing positions at 3 consecutive times during a 
4-week period without the drug and a 4-week, single- 
blind placebo period. Reasons for discontinuation of the 
study were hypersensitivity or drug intolerance, lack of 
diastolic BP control, or an insignificant reduction in dia- 
stolic BP at the maximum established doses (8 mg/day) 
or the presence of unexpected morbid events. 

Study design: After a 4-week washout and screening 
period, with a constant sodium intake checked out by 
urinary excretion and maintained for the duration of the 
study, the patients entered an initial 4-week control pre- 
treatment period (phase 1); both supine and standing 
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FIGURE 1. Hemodynamic and renal kallikrein response (mèan 
+ standard error of the mean) to doxazosin therapy compared 
with control pretreatment and placebo periods. Open bars = 
control and placebo values for kallikrein excretion, and supine 
position for blood pressure (BP) and heart rate. Dashed bars 
= after doxazosin treatment for kallikrein excretion. Dark 
bars = standing position for BP and heart rate. Upper line of 
bars = systolic BP. Lower line of bars = diastolic BP. Num- 
bers in parentheses indicate the patients remaining in the 
study at that time (see Results). Control values refers to end 
of 4-week washout baseline period, and Placebo values refers 
to end of 4-week placebo treatment for all 32 patients. 
Dashed line = the 90—mm Hg diastolic BP goal line. Placebo 
points (mean + standard error of the mean) above goal line at 
right refer to those values obtained at 12 weeks of placebo 
treatment in the supine position. *p <0.005. **p <0.002. 
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diastolic BP had to be >95 and <114 mm Hg at each 
of the 3 visits over this 4-week period to enter a 4-week, 
single-blind placebo period (phase 2) with once-a-day 
doxazosin in organoleptically identical tablets. Then the 
patients were randomized to receive either doxazosin or 
placebo (phase 3) in a double-blind fashion for 12 
weeks (Figure 1). Doxazosin was begun as a once-a-day 
morning therapy initially at 1 mg/day; dosage titration 
proceeded biweekly from 2 to 8 mg/day until either 
goal diastolic BP (standing BP <90 mm Hg) or a re- 
duction by 210 mm Hg from baseline (measured 24- 
hours after dosing) was achieved or until significant ad- 
verse effects occurred (week 0 to 8 of treatment). The 
patients continued with their optimal titrated dosage for 
an additional 4-week maintenance period to complete a 
12-week study period (Figure 1). Because the peak anti- 
hypertensive action of doxazosin occurs at 4 to 5 hours 
after ingestion, ®!0%14 BP and heart rate were measured 
immediately before administration of that day's dose 
and 22 + 2 hours after last day's dose, thus representing 
24-hour postdose measurement of the 1 daily adminis- 
tration, and also measurements at 4 hours after admin- 
istration for control. 

Both treatment compliance and safety were assessed 
at each visit by the patient's clinical and hemodynamic 
response, by the count of tablets returned, and by volun- 
teered and check-listed complaints. At each visit the pa- 
tient was weighed with minimum clothing (kg) and BP 
and heart rate were measured as described by the same 
observer (who did not know the values obtained in the 
previous visit) in the same arm. Concomitant to hemo- 
dynamic and clinical responses, safety assessment and 
any drug-induced metabolic change were done through 
a 24-hour supervised ice-cooled urine sample, electro- 
cardiogram, complete blood counts, blood chemistries, 
urinalysis and renal hormone determinations that were 
performed at set intervals during the study (Figure 1). 
At the end of the study a new chest x-ray was recorded. 
The blood samples were obtained in the morning and in 
the standing position after the patients had fasted for 12 
to 14 hours. For the determinations of plasma renin ac- 
tivity and aldosterone by radioimmunoassay,!^.!? the 
blood samples were obtained in prechilled edetic and 
heparinized ice-cooled tubes. Urinary kallikrein activity 
was estimated in the cooled urine sample by a colori- 
metric method!? with modifications?? and appropriate 
control assays.?! 

Statistical analyses: All patients served as their own 
control and all data are expressed as mean + standard 
error of the mean. An analysis of the variations on final 
minus control values was done of the continuous effica- 
cy. To compare the average effect of doxazosin to that 
of placebo, a least-squares estimate based on the afore- 
mentioned 2-way test was performed. The normal dis- 
tribution of urinary kallikrein excretion was determined 
by means of a Kolmogorov-Smirnov test, and Student's 
t test for paired data was performed to analyze the dif- 
ference between the means. A signal rank Wilcoxon's 
test was used to determine this difference on the other 
parameters. A 2-tailed p value «0.05 was considered 
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significant. Statistical analysis was done in a Hew- 
lett-Packard 41CV minicomputer with a Stat-1 module 
program. 


RESULTS 

Characteristics of the 2 groups of patients are listed 
in Table I. None developed any target organ complica- 
tion or concurrent disease during the study. Placebo 
treatment produced no significant changes in either 
clinical, hemodynamic or metabolic parameters studied 
(Tables II and III, Figure 1). Treatment was successful 
in 13 of 17 patients (7696, 7 women and 6 men, aged 21 
to 59 years) (Figure 1). Of the 4 women (24%, aged 37 
to 54 years) whose data are not included in the analysis 
despite good doxazosin hypotensive effect, 1 withdrew 
at week 5 of therapy because of side effects (intolerable 
dry nose and ankle edema, Table IV), 1 was excluded 
from the study because of self-medicated diuretic thera- 


TABLE I Hemodynamic and Clinical Details of the Two Randomized Groups of Patients 


py and 2 because of palpitations/tachycardia-related 6- 
blocker therapy. The latter 2 patients also had an in- 
crease in body weight of +2.9 and +1.3 kg, respectively, 
without augmented appetite. 

Oral 12-week monotherapy and single-dose doxazo- 
sin treatment resulted in a substantial continuous, pro- 
gressive, sustained, significant and dose-dependent re- 
duction in both systolic and diastolic BP in the supine, 
sitting and upright positions which was not associated 
with symptoms or signs of postural hypotension or first- 
dose phenomenon. This hypotensive effect was greater 
in the standing than in the supine position! '!!^ (Figure 
1, Table II). End-point supine diastolic BP was 84 + 2 
mm Hg, a decrease of 17 + 2% compared with baseline 
and placebo values (p «0.005, Figure 1, Table IT). The 
maximal hypotensive effective dosage of doxazosin var- 
ied among the patients; the final dosage (Figure 1) was 
obtained with 62% of the patients responding to <4 


Blood Pressure 
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(n=17) 


Values are mean + standard error of the mean. 
There was no significant difference between the 2 groups 
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Heart 
Rate 
(beats /min) 


Duration of 
Hypertension 
(years) 
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End of 12-Week Treatment Period 
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SBP DBP SBP 
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All values (mm Hg for blood pressure and beats/min for heart rate) refer to those obtained at the end of washout period (control pretreatment). Statistical significance was 


obtained when doxazosin and placebo were compared. 
DBP = diastolic blood pressure; HR = heart rate; SBP = systolic blood pressure. 


Creatinine 
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Urine 
Volume 
(ml / day) 


Clearance 
(ml/min / 


Na* 
Excretion 
(mEq/day) 


Pre 


1,045 
+91 


123 
+16 


102 
+ 20 
111 
Td 


Placebo group 1,186 
(n7 15) +67 

Doxazosin group 1,077 1,173 80 97 
(n=17) +89 +105. .+5 +18 


* p «0.002 compared with both placebo and pretreatment periods. 
Values are mean + standard error of the mean. 


+4 
80 
+4 


+5 


Kt 
Excretion 
(mEq/day) 


50 
+6 

46 
+7 


Both groups were untreated on admission to the trial and both received placebo alone for the initial 4 weeks. 
There were 4 patients in the doxazosin group who were not included in the Post-data because of withdrawal (intolerance) and protocol violations. 
PRA = plasma renin activity; Pre and Post = before and after 12 weeks of treatment, respectively. 
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Plasma 
Aldosterone 
(pg/ml) 


Kallilrein 
Excretion 
(U/day) 


Pre 


0.46 
+ 0.08 
0.45 
+0.01 


#13 
223 
+14 


+11 
248 
+12 
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TABLE IV Adverse Effects 


Doxazosin 
Group 
No. 


Placebo 
Group 
No. 
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Dropouts* 

Complaints 
Astheniat 
Palpitations 
Dizziness 
Headache! 
Dry nose* 
Ankle edema 
Insomniat 
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Tremor 
Skin rash 
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* This effect was strong enough to force 1 patient to discontinue the study; the other tolerated it well. 


t In the placebo group they appeared early (<1 week) and lasted <3 days. 


«1 day duration means the effect lasted hours. The effect on women and men are for the doxazosin group; all effects observed in the placebo group were in women. 


mg/day dose (range 1 to 8). An initial significant anti- 
hypertensive effect of doxazosin was observed at the 
fourth week, the goal diastolic BP was reached at the 
sixth week and the maximal effect was reached at the 
eighth week (a decrease from 102 + 1 to 86 + 1 mm 
Hg, p «0.005) and maintained thereafter until the 
twelfth week without observing any tolerance to the 
drug. Although overall mean heart rate was not affect- 
ed (Figure 1, Table II), there was a nonsignificant in- 
crease in 3 patients (23%) when BP values were lowest. 
These changes in heart rate were a mirror image of the 
changes in BP since peak heart rate increase and peak 
BP decrease are known to coincide.!^ 

Liver function tests, amylase, blood counts, serum 
electrolytes, uric acid, fasting glucose and mean body 
weight as well as renal function and the renin-aldoste- 
rone system remained stable during treatment with both 
placebo and doxazosin (Table III, Figure 1). On the 
other hand, there was a significant increase in urinary 
kallikrein excretion (p «0.002, Figure 1, Table IIT) that 
was not related to urine volume, sodium-potassium ex- 
cretion or BP reduction. Although there appeared to be 
a dose-related effect in 3 patients since the maximal 
percent stimulation was observed at 8 mg/day of doxa- 
zosin, a Spearman's rank correlation test showed no sig- 
nificance (r = 0.15). 

Adverse effects: Table IV lists the characteristics 
of the treatment-related adverse effects. Four patients 
(27%) in the placebo group and 7 (41%) in the doxazo- 
sin group experienced at least 1 treatment-related ad- 
verse effect (75% of the latter group were reported by 
women, with most reporting >1 adverse effect). Over- 
all, adverse effects occurred in 24 + 4% of patients dur- 
ing the 12-week period of doxazosin treatment. The 
most prevalent side effect was asthenia. Palpitations, 
dizziness and headache were reported with comparable 
frequency. Most adverse effects reported were of mild 
to moderate severity and were either well tolerated or 
abated with continuation of therapy as shown by the 
fact that the number and percentage of patients with 
adverse effects decreased from 5 at week 2 (29%) to 1 
at week 12 (6%). 
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DISCUSSION 

Long-term doxazosin monotherapy as a single dose 
reduced BP in a dose-dependent manner in all patients 
studied (this effect being greater in the standing than in 
the supine position!'!^ [Figure 1, Table II]), with an 
effective final dose of 4 + 0.2 mg/day (range 1 to 8). 
These results are comparable to the previously reported 
efficacy, tolerance and dosage for both prazosin and 
doxazosin.9.! 15.2? The small nonsignificant increase in 
heart rate observed in 3 patients at the peak of hypoten- 
sive effect!^ did not produce a noticeable effect on the 
patients and did not hamper the efficacy of doxazosin, 
thus avoiding the need to use concomitant a-blocking 
therapy (this effect may be the reflex response occur- 
ring during arterial vasodilation!?). 

As reported elsewhere with other a-blocking agents, 
the renin-angiotensin-aldosterone system was un- 
changed!!?? in stimulated conditions (upright posture) 
during long-term doxazosin therapy. The apparent fact 
that prazosin does not stimulate the efflux of norepi- 
nephrine would explain why prazosin and doxazosin do 
not significantly increase plasma renin activity and plas- 
ma aldosterone, by preserving their feedback modula- 
tion. In addition, body weight (a gross indicator of 
body fluid balance), urine flow, and the serum and uri- 
nary electrolytes were not significantly altered by 
the treatment. These data taken together suggest that 
the BP-reducing efficacy of doxazosin and other a 
blockers, as reported with other vasodilators,9!524 was 
not associated with compensatory tachycardia and wa- 
ter-sodium retention induced through stimulation of 
both renal sympathetic nerves and the macula densa 
sensory system, thus avoiding the need to add concomi- 
tant diuretic therapy. 

The vasodilatory and natriuretic renal kallikrein- 
kinin system may be important in regulating BP and 
salt-water homeostasis by affecting intrarenal, auto- 
regulatory, hemodynamic and hydromineral reabsorp- 
tive mechanisms, thus mediating the antihypertensive 
effects of some drugs. This kallikrein response may 
also contribute to the lack of sodium-water retention 
through its diuretic-natriuretic action.'© Prazosin has 
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previously been reported to stimulate the renal kalli- 
krein-kinin system without a concomitant change in 
prostaglandin excretion during long-term treatment. 
The most interesting finding of this study was the effect 
of doxazosin, like prazosin, on urinary kallikrein excre- 
tion. Urinary kallikrein excretion in patients at baseline 
(control pretreatment period, Figure 1, Table III) was 
somewhat higher but not significantly different from 
our control normotensive population on a normal sodi- 
um-potassium intake (0.39 + 0.06 U/day). During dox- 
azosin therapy, urinary kallikrein was increased 2.47- 
fold, whereas urine flow and sodium excretion, although 
slightly increased, remained nonsignificantly altered 
(Table III). This kallikrein response could be related to 
either a reduction in intrarenal resistance that triggered 
some stimulating signal for kallikrein production and 
excretion at the distal nephron? or to a possible direct 
drug action. These possibilities cannot be ruled out with 
this type of study. Thus, this observed kallikrein stimu- 
lation and slight increase in sodium-water excretion 
may be beneficial by potentiating the general and renal 
vasodilatory effect of doxazosin, increasing the dimin- 
ished renal plasma flow reported in essential hyperten- 
sion, and also promoting salt-water excretion. As 
suggested by Lebel et al,?6 these effects of doxazosin on 
renal vasoactive and adrenal hormones may also partial- 
ly resemble the actions of calcium antagonists." 
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VALVULAR HEART DISEASE 


Effect of Mitral Regurgitation and Volume 
Loading on Pressure Half-Time Before and After 
Balloon Valvotomy in Mitral Stenosis 


Thomas Wisenbaugh, MD, Martin Berk, MD, Rafique Essop, MD, 
Shirley Middlemost, MD, and Pinhas Sareli, MD 


Doppler pressure half-time (PHT) is frequently used 
to assess mitral valve area (MVA), but the reliabili- 
ty of PHT has recently been challenged, specifically 
in the setting of balloon mitral valvotomy when he- 
modynamics have been abruptly altered. The effect 
of volume loading both before and after balloon mi- 
tral valvotomy on computation of MVA by Gorlin 
and by PHT in 18 patients with high-fidelity micro- 
manometer measurements of left atrial and left 
ventricular pressure was therefore examined. 
Echocardiographic MVA increased from 0.91 + 
0.15 to 1.97 + 0.42 cm? after valvotomy. Volume 
loading produced significant increases in left atrial 
pressure (16 to 23 before and 12 to 20 mm Hg af- 
ter valvotomy), in cardiac output (3.7 to 4.1 before 
and 3.9 to 4.6 liters/min after valvotomy), and in 
mitral valve gradient (11 to 14 before and 5 to 7 
mm Hg after valvotomy). These hemodynamic 
changes were associated with modest but signifi- 
cant decreases in PHT and increases in MVA esti- 
mated by 220/PHT (0.66 to 0.81 before and 1.64 
to 1.96 cm? after valvotomy), whereas the MVA by 
Gorlin was not affected in a consistent fashion by 
volume loading (0.85 to 0.89 before and 1.66 to 
1.69 cm? after valvotomy). The correlation between 
Gorlin MVA and 220/PHT was only fair (r — 0.73, 
p «0.001) and was significantly poorer among pa- 
tients with >1-+ mitral regurgitation (r = 0.72) than 
among those with less or no regurgitation (r — 
0.79) (p = 0.001 by analysis of covariance for mi- 
tral regurgitation effect). In patients with mitral re- 
gurgitation after valvotomy, the Gorlin formula un- 
derestimated MVA (1.66 cm?) compared with both 
MVA by echocardiography (2.08 cm?) and MVA by 
220/PHT (2.29 cm?). Thus, (1) MVA by 220/PHT 
tends to underestimate MVA by echocardiography 
and, in the absence of mitral regurgitation, by Gor- 
lin; (2) PHT is affected by volume loading, which 
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tends to correct this discrepancy; (3) the Gorlin for- 
mula underestimates MVA in mitral regurgitation, 
and PHT is a useful alternative measure of MVA, 
which may be particularly valuable in the presence 
of mitral regurgitation after balloon valvotomy. 
(Am J Cardiol 1991;67:162-168) 


(MVA) are vital in the management of patients 

with mitral stenosis and for assessing the results 
of therapeutic interventions, such as percutaneous bal- 
loon mitral valvotomy. Pressure half-time (PHT) mea- 
sured by transmitral Doppler recordings is widely used 
for this purpose, but the reliability of the PHT method 
(MVA = 220/PHT) has recently been challenged, spe- 
cifically in the setting of balloon valvotomy, where he- 
modynamics have been abruptly altered.!? Despite ear- 
lier claims that PHT was relatively independent of left 
atrial pressure and valve gradient, ? these more recent 
studies!? suggest that MVA cannot be accurately mea- 
sured by 220/PHT after balloon valvotomy because of 
the effects of abrupt alterations in both chamber com- 
pliance and early diastolic pressure gradient on the half- 
time. Thus, the value of this widely used modality as a 
load-independent measure of MVA is currently in ques- 
tion. This study examines the influence of alterations in 
filling pressure by volume loading on PHT in mitral ste- 
nosis during percutaneous balloon mitral valvotomy. 
We also examined the extent to which mitral regurgita- 
tion might influence the correlation between MVA by 
220/PHT and that obtained by the Gorlin formula. 


R ws methods of measuring mitral valve area 


METHODS 

Eighteen patients, 1 man and 17 women whose ages 
ranged from 20 to 54 years, with rheumatic mitral ste- 
nosis and normal sinus rhythm, were referred for percu- 
taneous balloon mitral valvotomy at Baragwanath Hos- 
pital (n = 14) and at the Veterans Administration and 
University of Kentucky Medical Centers (n = 4) be- 
tween October 1988 and February 1990. Ten other pa- 
tients selected for study were excluded from analysis be- 
cause balloon valvotomy failed to increase MVA by 
>0.5 cm? (n = 3) or because they developed significant 
atrial shunts (=1.5:1, n = 5) or could not complete the 
protocol because of severe mitral regurgitation (n = 2) 
complicating the procedure. One other patient was ex- 
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cluded because a technically adequate valve area could 
not be obtained by 2-dimensional echocardiography. All 
patients gave informed consent to protocols approved by 
ethics committees of the respective institutions. 
Transthoracic 2-dimensional echocardiograms were 
performed on all patients the day before and on the day 
after valvotomy with a Hewlett-Packard Sonos 500 or 
Sonos 1000. The smallest orifice of the mitral valve was 
located in the parasternal short-axis view, and the valve 
area was planimetered at maximal opening in diastole 
from freeze-frame images. A search for left atrial 
thrombus on transthoracic echocardiography was nega- 
tive in each patient. None of the patients had an echo- 
cardiographic valve score of >8 on a scale of 16. 
Patients were premedicated with parenteral meperi- 
dine or pethidine and a phenothiazine. Metoprolol, 100 
to 200 mg, was also given orally to each patient before 
the procedure to minimize reflex increases in heart rate. 
A thermodilution catheter was placed in the pulmonary 
artery through the left femoral vein. An 8Fr pigtail mi- 
cromanometer catheter was placed in the left ventricle 
through the left femoral artery. Transseptal catheteriza- 
tion was performed with a Brockenbrough needle and 
introducer with sheath (USCI) using biplane fluoros- 
copy. Through the sheath, a SFr or 7Fr micromano- 
meter was placed into the left atrium. Both micromano- 
meters were balanced and electronically calibrated be- 
fore insertion, and the electronic balance was validated 
against mercury. After insertion, the micromanometer 
transducers were again matched with mercury calibrat- 
ed fluid transducers and, whenever possible (approxi- 
mately half of the cases), the left atrial catheter was 
advanced into the left ventricle for a direct comparison 
with the left ventricular micromanometer pressure. A 
pullback into the left atrium was then performed. Left 
ventricular and left atrial pressures were recorded si- 
multaneously at a 100 mm/s paper speed at high gains. 
Thermodilution cardiac outputs were performed simul- 
taneously with pressure measurements during quiet 
breathing or held midinspiration. After baseline mea- 
surements, left ventricular cine was performed and, 
when the mean left atrial pressure was <25 mm Hg, 
additional intravenous fluids were given. Pressures and 
thermodilution cardiac outputs were then remeasured. 
Balloon valvotomy was accomplished in each patient 
with 2 balloons (Mansfield) ranging from 18 to 25 mm 
Hg each, except in 1 patient in whom a single 25-mm 
balloon was used. In each patient, guidewires were 
placed into the left ventricle (or through the left ventri- 
cle into the aorta) through a flotation catheter, which 
was first placed across the mitral valve with the flota- 
tion balloon inflated. The atrial septal perforation was 
enlarged by inflating an 8- or 10-mm dilating balloon 
placed over the guidewire and across the septum. 
After valvotomy, micromanometer pressure and car- 
diac output were measured again both before and after 
a second left ventricular cineangiogram and, when ap- 
propriate, after fluid administration. Mitral regurgita- 
tion was graded as 1+ if the left atrial silhouette was 
never fully visualized with regurgitant contrast, 2+ for 
faint visualizations, 3+ with dense visualization not 
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equal to that of the left ventricle within 3 beats, and 4+ 
for dense opacification within 3 beats. Intermediate 
grades were sometimes used (e.g., 1.5+ when there was 
faint opacification of the entire atrium during systole 
that cleared during diastole). 

An example of micromanometer tracings before and 
after valvotomy are displayed in Figure 1, which illus- 
trates how the PHT may be obtained directly from the 
pressure tracings. Left ventricular and left atrial pres- 
sures were digitized at 100 Hz with a handheld cursor 
of a digitizer (Summagraphics) interfaced to a micro- 
computer. Three beats were separately analyzed and re- 
sults averaged. The mean mitral valve gradient (MVG) 
was used to determine the calculated effective MVA by 
the Gorlin equation’: MVA = diastolic flow/(38 X 
v MYG). The presence of an atrial shunt of 21.5:1 was 
considered significant (using the superior and inferior 
vena cava saturations for the mixed venous) and was a 
criterion for exclusion. 

According to Thomas and Weyman,! the passive 
pressure gradient decay produced by flow across a ste- 
notic orifice is best defined by a second order polynomi- 
al (parabolic) equation: MVG = (A, — A;t)?, where Ao 
and A, are curve fitting constants and t is time. This 
equation is based on the presumption that convective 
resistance to flow predominates over viscous resistance, 
whereas, if the converse were true, the gradient should 
be better described by the exponential equation: MVG 
= Coe Cil, where Co and C; are curve fitting constants. 

We tested the applicability of Thomas and Wey- 
man's! in vitro findings to the instantaneous mitral gra- 
dients found in patients with mitral stenosis by curve 
fitting the aforementioned equations to the instanta- 
neous gradient data from the early gradient (as defined 
earlier) to the minimum late gradient just before the 
onset of atrial pressure wave (Figure 2). PHT was de- 
fined as the time for the instantaneous gradient to de- 
crease by one-half of the gradient measured after the 
gradient first decreased by 0.5 mm Hg below the abso- 
lute maximal gradient. This definition was used because 
the “maximum” early diastolic gradient often was a 
plateau and not an instantaneous maximum. Thus, the 
PHT was measured from the time when this maximal 
gradient (Apo) first started to decay. A computer pro- 
gram based on the least-squares method was used for 
the curve fitting, and correlation coefficients were ob- 
tained. When the PHT (t at Apo/2) exceeded the dura- 
tion of diastolic pressure decay (35% of the beats ana- 
lyzed), extrapolation of the polynomial equation was 
used to compute PHT (Figure 3). In no case was «90 
ms of actual gradient data used for curve fitting and 
extrapolation, and the accuracy of this method was 
evaluated by comparing the PHT obtained directly 
from the gradient data in beats where PHT was less 
than the total duration of pressure decay to that ob- 
tained by polynomial extrapolation of the first 90 ms 
gradient data. 

The net chamber compliance (C,) was computed ac- 
cording to the method of Thomas et al!?^: C, = C,C,/ 
(C, + C), where C, (atrial compliance) = (stroke vol- 
ume)/(atrial v wave) and C, (ventricular compliance) 
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= (stroke volume)/(left ventricular end-diastolic pres- 
sure — left ventricular minimum pressure). MVA was 
also computed with their equation: MVA = 
11.6-Cn«/ Apo/c./PHT, where the coefficient of orifice 
contraction (c,) is approximately 0.74, according to 
their in vitro calculations.? 

The influence of volume loading on the hemodynam- 
ic variables and on the PHT was evaluated using the 
paired rf test. Correlations were evaluated by linear re- 
gression. Analysis of covariance was used to determine 
the effects of mitral regurgitation on correlations be- 
tween different methods of estimating valve areas. Data 
are reported as mean + standard deviation; a p value 
«0.05 is considered statistically significant. A commer- 
cially available statistics program was used. 


RESULTS 

Table I lists the MVA obtained by the Gorlin equa- 
tion and by 220/PHT (both after volume loading), as 
well as by 2-dimensional echocardiography. Also listed 


Eum 


is the number of patients in whom mitral regurgitation 
occurred. 

Figure 2 illustrates the polynomial and exponential 
curve fits to the digitized gradient data for 2 representa- 
tive patients. In the majority of cases, both equations 
gave excellent fits to the data by visual inspection (r = 
0.991 for both). 

Table II shows the influence of volume loading on 
the hemodynamic parameters. Left atrial pressure, car- 
diac output and mitral gradient all increased signifi- 
cantly with volume loading both before and after val- 
votomy. Heart rate increased modestly with volume in- 
fusion both before and after valvotomy, and was slightly 
higher after than before valvotomy, despite 6-blocking 
therapy. 

These hemodynamic changes produced modest but 
significant decreases in PHT. Increases of 42 and 66% 
in left atrial pressure by volume loading produced de- 
creases of 16% in PHT both before and after valvotomy. 
MVA calculated by the Gorlin formula was not consis- 


FIGURE 1. Left ventricular (LV) and left 
atrial (LA) pressure with micromanometer 
catheters before valvotomy (PRE) (upper 
panel) and after valvotomy (POST) (lower 
panel). The maximum initial pressure gra- 
dient (Apo) decreases by one-half (Apo/2) 
at 240 ms before and 85 ms after valvot- 
omy. The atrial (a), ventricular (v) and clo- 
sure (c) waves in the left atrial recording 
are also indicated. Note that the pressure 
scale is 40 mm Hg above and 20 mm Hg 
below. PHT - pressure half-time. 
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tently affected by volume loading before valvotomy 
(0.85 + 0.20 to 0.89 + 0.22 cm?, p = 0.05) or after 
valvotomy (1.66 + 0.48 to 1.69 + 0.53 cm?, difference 
not significant). 

As previously shown,” there was a rather weak cor- 
relation (r = 0.73, p <0.001) between Gorlin MVA and 
220/PHT, particularly after valvotomy (Figure 4). This 
may have been due in part to changes in maximal early 
pressure gradient (Apo) (Table II) and in net chamber 
compliance, which have been shown by Thomas et al! 
to affect PHT. According to their predictions, an in- 
crease in Apo (Table II) should increase PHT, but this 
was more than offset by a decrease in net compliance, 
from 4.3 to 3.2 ml/mm Hg with volume loading before 
valvotomy, and from 4.1 to 3.2 ml/mm Hg after valvot- 
omy. Using their equations for MVA, which substi- 


MVG (mmHg) 


FIGURE 2. Digitized transmitral gradient (open 
squares) fit to polynomial and exponential equa- 
tions, as described in the Methods section. Top 
panel, a patient in whom the polynomial equation 
gave a slightly better fit to the digitized gradient 
data. Lower panel, a patient in whom the expo- 
nential equation gave a better fit to the data after 
valvotomy (post-PMV). The scale is expanded in 
the lower panel to show the difference in the 2 
curve fits better. MVG = mitral valve gradient; 
pre-PMV - before percutaneous balloon mitral 
valvotomy. 


MVG (mmHg) 
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tutes the value 11.6-C,-/ Apo/c, for the empirical con- 
stant 220, the correlation between valve area obtained 
by Gorlin formula and that obtained from 220/PHT 
improved to r — 0.79. It appears from the data in Table 
III that MVA computed from 220/PHT underesti- 
mates valve area by Gorlin and by 2-dimensional echo- 
cardiography. However, volume loading tends to correct 
this inaccuracy, as seen in the group of patients without 
mitral insufficiency. 

The presence of significant mitral regurgitation was 
an important factor, negatively affecting the correlation 
between 220/PHT and Gorlin valve areas. As shown in 
Figure 4, the correlation between 220/PHT and Gorlin 
MVA is r = 0.79, with 1+ or no mitral regurgitation, 
and r = 0.72, with >1+ mitral regurgitation. The effect 
of mitral regurgitation was significant (p = 0.001) by 


Mitral Valve Gradient vs Time 
ptit 17 pre-PMV 
a Digitized Data 
— Polynomial Fit 
: - Exponential Fit 


O 
000 006 012 018 024 030 036 042 048 054 060 


Time (sec) 


Mitral Valve Gradient vs Time 
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1.69 + 0.53 
1.96 + 0.70 
1.97 + 0.42 


0.89 + 0.22 
0.81 + 0.29 
0.91 +0.15 


Gorlin MVA (cm?) 
220 /PHT (cm?) 
2-D echo MVA (cm?) 


Mitral regurgitation 
by angiography 
1+ 
1.5+ to 2+ 
2.5+ 
3+ to 4+ 
Values for mitral valve area at catheterization after volume loading before and after 
valvotomy are means + standard deviation. 
Patients with atrial shunts were excluded (see Methods). 
Gorlin MVA = mitral valve area by Gorlin equation; 2-D echo MVA = mitral valve 
area by 2-dimensional echocardiography; 220/PHT = mitral valve area by pressure 
half-time. 
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TABLE Il Effect of Volume Loading (VL) on Hemodynamic 
Data (n = 18) 


Before Valvotomy After Valvotomy 


Before VL Before VL X After VL 


57 10 63412 64+10 69411 
3.68 +0.48 4.07 +0.52 3.90+0.61 4.61 +0.86 

166 2316 126 2018 
107133 140443 4.6 2.4 7.444.1 
Apo(mmHg) 16.0441 20.2+5.1 97134 129447 
PHT (ms) 3634104 3054199 152 +60 128 + 50 

Values are means + standard deviation. 

Volume loading produced significant changes in all parameters listed (p < 0.02 by 
paired ttest) both before and after percutaneous balloon mitral valvotomy. 

CO = thermodilution cardiac output; HR = heart rate; LAP = left atrial pressure; 


MVG = mitral valve gradient; PHT = micromanometer pressure half-time; Apo = 
maximal initial pressure gradient. 


After VL 


HR (min^!) 
CO (liter / min) 


LAP (mm Hg) 
MVG (mm Hg) 


Digitized Data 
Polynomial Fit 


MVG (mmHg) 


02 


Time (sec) 


FIGURE 3. Method of extrapolating from 
the digitized data to the pressure half-time 
(PHT) by computer. Dashed line is the ex- 
ponential fit. Solid curve is the polynomial 
fit. Open squares are digitized data. MVG 
— mitral valve gradient. 
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FIGURE 4. Relation between mitral valve 
area (MVA) determined by the Gorlin 
equation (abscissa) versus that obtained 
by micromanometer catheter-derived 
pressure half-time (220/PHT, ordinate) 
before (circles) and after (open squares) 
percutaneous balloon mitral valvotomy 
(PMV). Patients with >1+ mitral regurgi- 
tation (MR) after valvotomy are indicated 
by solid squares and account for most of 
the points farthest from the regression line 
(r = 0.73 overall). 


analysis of covariance. In contrast, the correlation be- 
tween 220/PHT and MVA by 2-dimensional echocar- 
diography (r = 0.80) was not significantly affected by 
mitral regurgitation (difference not significant by analy- 
sis of covariance). Table III also lists the difference 
between valve area measurements by the different 
methods. The Gorlin formula markedly underestimates 
MVA after valvotomy in the presence of mitral regurgi- 
tation. 


DISCUSSION 

The major findings of this study are that (1) MVA 
computed from 220/PHT tends to underestimate valve 
area as measured by 2-dimensional echocardiography 
and, in the absence of mitral regurgitation, by the Gor- 
lin formula; (2) PHT is affected by volume loading, 
which tends to correct this discrepancy; (3) the Gorlin 
formula underestimates valve area in the presence of 
mitral regurgitation, and 220/PHT is a useful alterna- 
tive measure of valve area after balloon valvotomy when 
this complication has occurred. To our knowledge, this 
is the first study to compare valve areas by these 3 mea- 
surements using micromanometer catheters for PHTs 
(Figure 1). 

PHT was originally proposed as a catheter-derived 
measure of mitral stenosis severity in 1968 by Libanoff 
and Rodbard,* and has been widely used to estimate 
MVA by Doppler since 1979.* However, the reliability 
of this method of determining MVA has recently been 
challenged by Thomas et al.'? Theoretical analysis and 
experimental data have led them to suggest that initial 
peak pressure gradient (Apo) and net chamber compli- 
ance have significant influence on PHT, and that the 
empiric constant of 220 should be replaced by the term 
11.6°C,+\/ Apo/c,, where Ce is the coefficient of orifice 
contraction and C, is the net chamber compliance (see 
Methods). Their analysis showed that MVA computed 
with this combined term correlated better with valve 
area calculated from the Gorlin equation than when cal- 
culated with the constant 220, particularly after valvot- 
omy. They attributed errors in valve areas calculated 
with the equation 220/PHT to abrupt changes in hemo- 
dynamic conditions (i.e., C, and Apo) after valvotomy. 

To further evaluate the postulate that abrupt 
changes in loading conditions alter PHT, we examined 
in the present study the influence of volume loading on 
micromanometer measurements of PHT during balloon 
valvotomy. We found that modest increases in left atrial 
pressure, cardiac output and mitral gradient produced 
modest but significant decreases in PHT. At least quali- 
tatively, this is similar to the results of exercise on PHT 
reported in studies cited earlier^^ and that of Sagar et 
al,* although the decreases in PHT were not statistically 
significant in the former studies.^^ Our data provide 
some support to the theoretical predictions of Thomas 
and Weyman! that 220/PHT is not an independent 
measure of MVA, but is also affected by Apo and C,. 
We measured an increase in Apo (Table II) and de- 
crease in C, after volume loading both before and after 
valvotomy. Using our measured values of Apo and C,, 
their equation (see earlier) predicts a decrease of —8% 
in PHT with volume loading before and a decrease of 
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TABLE Ill influence of Volume Loading (VL) on 220/PHT 
Compared to Valve Area by Gorlin and by Two-Dimensional 
Echocardiography in Patients With and Without Significant 
Mitral Regurgitation (MR) After Valvotomy 


«14- MR (n » 10) »1- MR (n 8) 


2D echo 


(cm?) 1.89 + 0.41 2.08 + 0.44 


Before VL After VL Before VL After VL 


220/PHT 
(cm?) 

Gorlin(cm?) 1.72+0.52 1.14047 1.594045! 1.662 0.63 
* p = 0.005 for 220/PHT versus echocardiography. 


t p — 0.010 for Gorlin versus 2-dimensional echocardiography. 
Abbreviations as in Table l. 


1.48 +0.53* 1.6910.63 1.844058 2.29: 0.68 





—9% after valvotomy. Thus, changes in Apo and C, 
with volume loading in our study were associated with 
alterations in PHT (both 16% before after valvotomy) 
that may in part be accounted for by their model.! An 
important finding here is that volume loading dimin- 
ished the extent by which 220/PHT underestimated 
valve area as determined by the other 2 methods. 

Figure 4 and Table III confirm, however, that mitral 
regurgitation has an important influence on the correla- 
tion between MVA by Gorlin formula and by 220/ 
PHT. Because regurgitant flow is not detected by either 
Fick or thermodilution measurement of cardiac outputs, 
the valve area calculated by the Gorlin formula will be 
in error in direct proportion to the size of the regurgi- 
tant fraction. This is also supported by the study of 
Smith et al? who found an improved correlation be- 
tween PHT and Gorlin or echocardiographic MVA 
when patients with significant mitral regurgitation were 
excluded. In addition, when thermodilution cardiac out- 
puts are used, as in the study of Thomas et al,’ atrial 
shunts after valvotomy also affect the valve area calcu- 
lation. Furthermore, accurate gradient measurement in 
the catheterization laboratory requires not only that 
transducers be properly balanced and calibrated, but 
also that pressure tracings be relatively free of “over- 
shoot” artifacts. This is particularly important when 
trying to compute valve areas from small gradients 
(e.g., after valvotomy), when small errors in gradient 
measurement produce large errors in calculated valve 
area. 

We therefore conclude that valve area calculations 
from PHT data may have advantages over Gorlin-cal- 
culated valve areas when mitral regurgitation or possi- 
bly atrial septal defects are present.'? Limitations in 
Gorlin valve areas have been discussed by Carabello!! 
and by Cannon et al,'? and the potential superiority of 
half-time over Gorlin-calculated valve areas has been 
emphasized by Smith et al.'? Thus, because of the lack 
of an ideal method, 220/PHT is still a useful estimate 
of MVA in these settings, and can be done in the cathe- 
terization laboratory, providing high-quality measure- 
ments are obtained. 

Study limitations: Several limitations of our study 
should be noted. Some change in heart rate occurred 
during volume loading before and after valvotomy that 
might have some effect on PHTs. Specifically, increas- 
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ing heart rate may decrease PHT.'* However, even in 
13 cases where heart rate decreased with volume load- 
ing, a decrease in PHT was still observed in 11. Thus, 
the decrease in PHT cannot be attributed simply to an 
increase in heart rate. 


When heart rate increased to the point where the 
period of passive diastolic filling was less than the time 
for Apo to decrease by one-half, we used extrapolations 
of the polynomial that was computer-fit to the data to 
obtain PHT. Some error is probably inherent in this 
method, but extrapolation is frequently used in Doppler 
assessment of PHT; thus, this is one of the limitations of 
PHT assessment of valve area both by catheter and by 
Doppler. 


Despite the limitations of PHT demonstrated by this 
and other studies, there is currently no completely reli- 
able method of measuring MVA. The Gorlin equation 
may be rendered inaccurate by mitral regurgitation or 
by shunts, as discussed earlier. Even an "anatomic" 
valve area as measured by 2-dimensional echocardiog- 
raphy can be inaccurate in certain settings, such as after 
commissurotomy,! for technical reasons, or possibly 
when subvalvular disease contributes to the obstruction 
of flow. In addition, anatomic valve area might actually 
have changed during volume loading, as suggested by 
the work of Chambers et al.'^ We cannot exclude this 
possibility, because we did not repeat the 2-dimensional 
echocardiographic measurements during volume load- 
ing. 
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Most Common Adverse Events 

Percent of Incidence Percent Who Discontinued 
Dizziness 
Nausea/Vomiting 10.7 3.4 
Unusual Taste 8.8 0.7 
Constipation 720 0.5 
Fatigue 6.0 1.0 


Most Serious Adverse Events 
Proarrhythmia 

Congestive Heart Failure 3, 
Third Degree AV Block 0. 
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Rythmol and the CAST results 


Although Rythmol was not included in CAST, the applicability of the 
Cardiac Arrhythmia Suppression Trial results to other populations (e.g., 
those without recent myocardial infarction), to Rythmol, or to other 
antiarrhythmic drugs is uncertain, but at present it is prudent to consider 
any 1C agent, such as Rythmol to have a similar risk. 











ANOTHER 
QUALITY TOWARD EXCELLENCE 
ACHIEVEMENT OF 


knoll 


thimoli m 


Ipropafenone HCI) 


0 mg and 300 mg scored tablets 





Ry 


Effective Antiarrhythmic Therapy 
with a World of Experience 


e Rythmol has been studied in the U.S. for 8 years. 


* Propafenone is the largest selling ventricular 
antiarrhythmic in Europe. 


e 900,000 patient years of worldwide experience. 


Excellent V-Tach efficacy: Rythmol provided effective sup- 
pression of ventricular tachycardia in patients with either sustained 
or non-sustained VT. 


Safety Profile: 3.6% discontinuance due to cardiac and 1.9% or 
less discontinuance due to non-cardiac side effects in each of the 
other body systems at 450 mg/day (n= 1430). 


Proarrhythmia: 4.7% in U.S. clinical trials. 
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INDICATIONS AND USAGE 
RYTHMOL (propafenone HCl) is indicated for the treatment of documented ventricular 
arrhythmias, such as sustained ventricular tachycardia, that in the judgement of the 
physician, are life threatening. Because of the proarrhythmic effects of RYTHMOL, its use 
should be reserved for patients in whom, in the opinion of the physician, the benefits of 
treatment outweigh the risks. The use of RYTHMOL is not recommended for use in patients 
with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of 
RYTHMOL for the treatment of sustained ventricular tachycardia, like other antiarrhythmics, 
should be initiated in the hospital. 
CONTRAINDICATIONS 
RYTHMOL (propafenone HCI) is contraindicated in the presence of uncontrolled congestive 
heart failure, cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of 
impulse generation and/or conduction (e.g., sick sinus node syndrome, atrioventricular 
block) in the absence of an artificial pacemaker, bradycardia, marked hypotension, bron- 
chospastic disorders, manifest electrolyte imbalance, and known hypersensitivity to the drug. 
WARNINGS: 
Mortality: In the National Heart Lung and Blood Institute's Cardiac Arrhythmia Suppression 
Trial (CAST), a longterm, multicenter, randomized, double blind study in patients with 
asymptomatic non life threatening ventricular ectopy who had a myocardial infarction more 
than six days but less than two years previously and demonstrated mild to moderate left 
ventricular dysfunction, an excessive mortality or nonfatal cardiac arrest rate was seen in 
patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of 
treatment with encainide or flecainide in this study was ten months.The applicability of these 
results to other populations (e.g., those without recent myocardial infarction and to other 
antiarrhythmic drugs) is uncertain, but at present it is prudent (1) to consider any IC agent 
especially one documented to provoke new serious arrhythmias) to have a similar risk and 
2) to consider the risks of Class IC agents, coupled with the lack of any evidence of 
improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, 
symptoms or signs. 
Proarrhythmic Effects 
RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such 
proarrhythmic effects range from an increase in frequency of PVCs to the development of 
more severe ventricular tachycardia, ventricular fibrillation or torsade de pointes; i.e., 
tachycardia that is more sustained or more rapid which may lead to fatal consequences. It is 
therefore essential that each patient given RYTHMOL be evaluated electrocardiographically 
and clinically prior to, and during therapy to determine whether the response to RYTHMOL 
(propafenone HCl) supports continued treatment.Overall in clinical trials with propafenone, 
4.7% of all patients had new or worsened ventricular arrhythmia possibly representing a 
proarrhythmic event (0.7% was an increase in PVCs; 4.0% a worsening, of new appearance, 
of VT or VF). Of the patients who had a worsening of VT (4%), 92% had a history of VT 
and/or VT/VF, 71% had coronary artery disease, and 68% had a prior myocardial infarction. 
The incidence of proarrhythmia in patients with less serious or benign arrhythmias, which 
include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen 
and the CAST study (see above) suggests that an increased risk is present throughout 
treatment. 
Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) 
PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL,NOT RECEIVE 
PROPAFENONE or other agents with beta adrenergic blocking activity. 
Congestive Heart Failure 
During treatment with oral propafenone in patients with depressed baseline function (mean 
EF=33.5%), no significant decreases in ejection fraction were seen. In clinical trial 
experience, new or worsened CHF has been reported in 3.7% of patients; of those 0.9% were 
considered probably or definitely related to RYTHMOL. Of the patients with congestive heart 
failure probably related to propafenone, 80% had preexisting heart failure and 85% had 
coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in patients 
who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose 
related) negative inotropic effect on cardiac muscle, patients with congestive heart failure 
should be fully compensated before receiving RYTHMOL. If congestive heart failure 
worsens, RYTHMOL should be discontinued (unless congestive heart failure is due to the 
cardiac arrhythmia) and, if indicated, restarted at a lower dosage only after adequate cardiac 
compensation has been established. 
Conduction Disturbances 
RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average 
PR interval prolongation and increases in QRS duration are closely correlated with dosage 
increases and concomitant increases in propafenone plasma concentrations. The incidence 
of first degree, second degree, and third degree AV block observed in 2,127 patients was 
2.5%, 0.6%, and 0.2%, respectively. Development of second or third degree AV block 
requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block (1.2%) 
and intraventricular conduction delay (1.1%) have been reported in patients receiving 
propafenone. Bradycardia has also been reported (1.5%). Experience in patients with sick 
sinus node syndrome is limited and these patients should not be treated with propafenone. 
Effects on Pacemaker Threshold 
RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. 
Pacemakers should be monitored and programmed accordingly during therapy. 
Hematologic Disturbances 
One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, 
was seen in U.S. clinical trials. The agranulocytosis appeared after 8 weeks of therapy. 
Propafenone therapy was stopped and the white count had normalized by 14 days. The 
patient recovered. In the course of over 800,000 patient years of exposure during marketing 
outside the U.S. since 1978, seven additional cases have been reported. In one of these, 
concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, 
warrant consideration of possible agranulocytosis/granulocytopenia. Patients should be 
instructed to promptly report the development of any signs of infection such as fever, sore 
throat, or chills. 
PRECAUTIONS 
Hepatic Dysfunction: 
Propafenone is highly metabolized by the liver and should, therefore, be administered 
cautiously to patients with impaired hepatic function. The dose of propafenone given to 
patients with impaired hepatic function should be significantly reduced. Careful monitoring 
for excessive pharmacological effects (see OVERDOSAGE) should be carried out. 
Renal nction: 
A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) 
are excreted in the urine. Until further data are available, RYTHMOL should be administered 
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cautiously to patients with impaired renal function. These patients should be carefully 
monitored for signs of overdosage (see OVERDOSAGE). 

Elevated ANA Titers: 

Positive ANA titers have been reported in patients receiving propafenone. Patients who 
develop an abnormal ANA test should be carefully evaluated and, if persistent or worsening 
elevation of ANA titers is detected, consideration should be given to discontinuing therapy. 
Impaired Spermatogenesis: 

Reversible disorders of spermatogenesis have been demonstrated in monkeys, dogs and 
rabbits after high dose intravenous administration. Evaluation of the effects of short term 
propafenone administration on spermatogenesis in 11 normal subjects suggests that 
propafenone produced a reversible, short term drop (within normal range) in sperm count. 
Subsequent evaluations in 11 patients receiving propafenone chronically have suggested no 
effect of propafenone on sperm count. 

Drug Interactions: Quinidine: Small doses of quinidine completely inhibit the hydroxylation 
metabolic pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little 
information to recommend concomitant use of propafenone and quinidine. Local 
Anesthetics: Concomitant use of local anesthetics may increase the risks of central nervous 
system side effects. Digitalis: RYTHMOL produces dose related increases in serum digoxin 
levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day propafenone without 
affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when 
propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation 
pathway for propranolol and metoprolol (just as quinidine inhibits propafenone metabolism). 
While the therapeutic range for beta-blockers is wide, a reduction in dosage may be 
necessary during concomitant administration with propafenone. Warfarin: In a study of 
eight healthy subjects receiving propafenone and warfarin concomitantly, mean steady-state 
warfarin plasma concentrations increased 39% with a corresponding increase in 
prothrombin times of approximately 25%. It is therefore recommended that prothrombin 
times be routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: 
Concomitant administration of propafenone and cimetidine in 12 healthy subjects resulted in 
a 20% increase in steady-state plasma concentrations of propafenone with no detectable 
changes in electrocardiographic parameters beyond that measured on propafenone alone. 
Other: Limited experience with propafenone combined with calcium antagonists and 
diuretics has been reported without evidence of clinically significant adverse reactions. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral 
dose studies in mice (up to 360 mg/kg/day) and rats (up to 270 mg/kg/day) provided no 
evidence of a carcinogenic potential for propafenone. RYTHMOL was not mutagenic when 
assayed for genotoxicity. Pregnancy Teratogenic Effects: Pregnancy Category C.: 
Propafenone has been shown to be embryotoxic in rabbits and rats when given in doses 10 
and 40 times, respectively, the maximum recommended human dose. No teratogenic 
potential was apparent in either species. There are no adequate and well controlled studies in 
pregnant women. Propafenone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and 
postnatal study in rats, propafenone, at dose levels of 6 or more times the maximum 
recommended human dose, produced dose dependent increases in maternal and neonatal 
mortality, decreased maternal and pup body weight gain and reduced neonatal physiological 
development. Labor and Delivery: It is not known whether the use of propafenone during 
labor or delivery has immediate or delayed adverse effects on the fetus, or whether it 
prolongs the duration of labor or increases the need for forceps delivery or other obstetrical 
intervention. Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential for serious 
adverse reactions in nursing infants from RYTHMOL, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 

Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 
Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates 
in the most commonly reported adverse reactions. Because of the possible increased risk of 
impaired hepatic or renal function in this age group, RYTHMOL should be used with caution. 
The effective dose may be lower in these patients. 

ADVERSE REACTIONS 

Adverse reactions associated with RYTHMOL (propafenone HCI) occur most frequently in the 
gastrointestinal, cardiovascular, and central nervous systems. About 20% of patients 
discontinued due to adverse reactions. : 
Adverse reactions reported for >1% of 2,127 patients who received propafenone in U.S. 
clinical trials are presented in the following list. Dizziness, Nausea and/or Vomiting, Unusual 
Taste, Constipation, Fatigue, Dyspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, 
CHF, Ventricular Tachycardia, Dyspepsia, Palpitations, Rash, First Degree AV Block, Diarrhea, 
Weakness, Dry Mouth, Syncope/Near Syncope, Increased QRS Duration, Chest Pain, 
Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricular Contraction(s), 
Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, 
Atrial Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 

In addition, the following adverse reactions were reported less frequently than 1% either in 
clinical trials or in marketing experience (adverse events for marketing experience are given 
in italics). Causality and relationship to propafenone therapy can not necessarily be judged 
from these events. Cardiovascular System: Atrial flutter, AV dissociation, cardiac arrest, 
flushing, hot flashes, sick sinus syndrome, sinus pause or arrest, supraventricular 
tachycardia. Nervous System: Abnormal dreams, abnormal speech, abnormal vision, apnea, 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, 
seizures (0.396), tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of 
patients with liver abnormalities associated with propafenone therapy have been reported in 
foreign postmarketing experience. Some appeared due to hepatocellular injury, some were 
cholestatic and some showed a mixed picture. Some of these reports were, simply 
discovered through clinical chemistries, others because of clinical symptoms. One case was 
rechallenged with a positive outcome. Cholestasis (0.1%), elevated liver enzymes (alkaline 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: 
Agranulocytosis, anemia, bruising, granulocytopenia, increased bleeding time, leukopenia, 
purpura, thrombocytopenia. Other: Alopecia, eye irritation, hyponatremia/inappropriate ADH 
secretion, impotence, increased glucose, kidney failure, positive ANA (0.7%), /upus 
erythematosis, muscle cramps, muscle weakness, nephrotic syndrome, pain, pruritus. 
OVERDOSAGE 

The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, 
may include hypotension, somnolence, bradycardia, intraatrial and intraventricular 
conduction disturbances, and rarely convulsions and high grade ventricular arrhythmias. 
Defibrillation as well as infusion of dopamine and isoproterenol have been effective in 
controlling rhythm and blood pressure. Convulsions have been alleviated with intravenous 
diazepam. General supportive measures such as mechanical respiratory assistance and 
external cardiac massage may be necessary. 
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of cardiac catheterization, PTCA, PTA, non- 
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geal echocardiogram), transplant and is 
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program. 


The group serves a major mid-Atlantic met- 
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as well as the mountains. 
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CARDIOMYOPATHY 


Sudden Death During Empiric Amiodarone 
Therapy in Symptomatic Hypertrophic 
Cardiomyopathy 


Lameh Fananapazir, MD, Martin B. Leon, MD, Robert O. Bonow, MD, Cynthia M. Tracy, MD, 
Richard O. Cannon Ill, MD, and Stephen E. Epstein, MD 


Amiodarone is reported to improve symptoms and 
to prevent sudden death in patients with hypertro- 
phic cardiomyopathy (HC). Amiodarone treatment 
(loading dose 30 g given over 6 weeks; mainte- 
nance dose 400 mg/day) was prospectively evalu- 
ated in 50 patients with HC in whom the drug was 
initiated because of symptoms refractory to con- 
ventional drug therapy (calcium antagonists and 6 
blockers). Twenty-one (42%) patients had ventricu- 
lar tachycardia (VT) during Holter monitoring. 

Amiodarone significantly and often markedly 
improved the patients' New York Heart Association 
functional class status (from 3.3 to 2.7 at 2 
months, p <0.001) and treadmill exercise duration 
(p «0.001). Eight patients, however, died (7 sud- 
denly) during a mean follow-up period of 2.2 + 1.8 
years. Of the 7 sudden deaths, 6 occurred within 5 
months of initiation of treatment. The 6-month and 
1- and 2-year survival rates were 87, 85 and 80%, 
respectively. The survival rate of patients with VT 
was significantly worse than that of patients with- 
out VT (61 vs 9796 at 2 years; p «0.01). Sudden 
death occurred despite abolition of VT on Holter 
monitoring. Amiodarone increased left ventricular 
peak filling rate by radionuclide angiography in 20 
of 33 patients (6196) (p «0.01). Decrease in peak 
left ventricular filling rate within 10 days of amio- 
darone therapy (8 of 33 patients) was associated 
with subsequent sudden death (p «0.04). 

It is concluded that although amiodarone results 
in significant functional improvement in most symp- 
tomatic patients with HC and reduces VT on ambu- 
latory monitoring, empiric therapy with this potent 
antiarrhythmic drug may result in a high early inci- 
dence of sudden death. Amiodarone may provoke 
malignant arrhythmias or conduction abnormalities 
in this subgroup of patients, particularly in patients 
in whom left ventricular diastolic filling is reduced 
by the drug. 

(Am J Cardiol 1991;67:169-174) 


From the Cardiology Branch, National Heart, Lung, and Blood Insti- 
tute, Bethesda, Maryland. Manuscript received June 21, 1990; revised 
manuscript received September 18, 1990, and accepted September 19. 
Address for reprints: L. Fananapazir, MD, National Institutes of 
Health, Building 10, Room 7B-14, Bethesda, Maryland 20892. 
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frequently have chest pain and dyspnea, symp- 
toms that are often refractory to calcium antago- 
nists or -adrenergic blocking drugs. Furthermore, al- 
though most HC patients with left ventricular outflow 
tract obstruction benefit from operative relief of the ob- 
struction, most patients do not have the obstruction.'~? 
The rationale for using amiodarone in symptomatic 
HC patients is derived from (1) clinical experience 
involving patients who, during the course of taking 
amiodarone for ventricular tachycardia (VT), described 
symptomatic improvement unrelated to control of ar- 
rhythmias, and (2) animal and in vitro data demon- 
strating that amiodarone has negative chronotropic, 
negative inotropic and coronary vasodilatory properties 
possibly related to noncompetitive a- and 8-adrenergic 
antagonism or calcium antagonists, or a combination of 
these.^? This spectrum of pharmacologic actions would 
be predicted to result in favorable clinical effects in pa- 
tients with HC. A second and totally different rationale 
for administering amiodarone to HC patients is related 
to its potent antiarrhythmic effects. Thus, 2 separate 
groups of investigators have reported that nonsustained 
VT recorded during Holter monitoring identifies a sub- 
group of patients whose risk of sudden death is in- 
creased by eight- to 10-fold compared with patients who 
do not have VT.5? In this context, McKenna et al!?-!4 
reported that empiric amiodarone therapy entirely pre- 
vents sudden death in HC patients with VT. The pri- 
mary purpose of this study was to assess symptomatic 
relief, if any, of amiodarone in patients with severe re- 
fractory symptoms. We also wanted to determine the 
effect of amiodarone on VT as detected by ambulatory 
electrocardiographic recordings. However, our study 
unexpectedly raised serious concerns about whether 
amiodarone actually predisposes to sudden death in HC 
patients. 


P atients with hypertrophic cardiomyopathy (HC) 


METHODS 

Patients: Between November 1983 and June 1986, 
50 patients with HC and moderately severe to severe 
cardiac symptoms (Table I) were treated with amioda- 
rone. All were in New York Heart Association func- 
tional class III or IV with chest pain or shortness of 
breath, or both, that were refractory to both 6-adrener- 
gic blocking agents and to calcium antagonists. In all 
patients, the diagnosis of HC was based on the echocar- 
diographic demonstration of a hypertrophied nondilated 
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TABLE I Clinical Characteristics of the 50 Symptomatic 
Patients with Hypertrophic Cardiomyopathy Treated with 
Amiodarone 


No. of 
Characteristic Pts. (%) 


Age (yr) 
Mean 43 + 14 
Range 17-65 
Gender 
Men 24 (48) 
Women 26 (52) 
Family history of sudden death 11 (22) 
NYHA functional class 
3 34 (68) 
4 16 (32) 
Clinical presentation 
Dyspnea 50 (100) 
Chest pain 49 (98) 
Sudden cardiac arrest 2 (4) 
Syncope 11 (22) 
Presyncope 44 (88) 
Rhythm 
Sinus 41 (88) 
Atrial fibrillation 7 (8) 
Paced (ventricular demand) 2 (4) 
24-hour Holter 
Ventricular tachycardia 21 (42) 
No ventricular tachycardia 29 (58) 
LVOT obstruction 
Basal gradient 230 mm Hg 18 (36) 
No basal gradient but provokable gradient 250 mm Hg 9 (18) 
LVEF 
<50% 7 (14) 
250% 43 (86) 
Mean 67 + 16 
Range 24-97 


LVEF = left ventricular ejection fraction; LVOT = left ventricular outflow tract; 
NYHA = New York Heart Association. 





left ventricle in the absence of another systemic or car- 
diac disease that might produce left ventricular hyper- 
trophy.!> 

In all patients, cardioactive drugs were discontinued 
before amiodarone therapy under in-hospital observa- 
tion (except digoxin in 3 patients with rapid atrial 
fibrillation). The following studies were performed in 
all patients at baseline: history and physical examina- 
tion, chest x-ray, 12-lead electrocardiogram, echocar- 
diogram, electrocardiographically gated equilibrium ra- 
dionuclide angiogram, 24-hour Holter monitor record- 
ing, graded treadmill exercise tests, and right- and left- 
sided cardiac catheterization. Patients were considered 
to have left ventricular outflow tract obstruction if the 
subvalvular gradients were 230 mm Hg either at rest 
or 250 mm Hg after provocation (amyl nitrite inhala- 
tion, Valsalva maneuver or isuprel infusion). 

Ten days and again after 2 months of treatment 
with amiodarone, the following tests were repeated: 
12-lead electrocardiogram, chest x-ray, M-mode and 
2-dimensional echocardiograms, electrocardiographi- 
cally gated equilibrium radionuclide angiograms, 24- 
hour Holter recording and graded treadmill exercise 
tests. VT was defined as 23 consecutive ventricular 
beats at >100 beats/min. Long-term follow-up assess- 
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ment included 6 monthly visits to the cardiology clinic 
and telephone interrogation of the patient, relatives and 
physician. Sudden death was defined as unexpected 
death occurring within 1 hour of collapse or develop- 
ment of symptoms. 

Radionuclide angiography: Radionuclide angio- 
grams were performed at rest in the supine position us- 
ing red blood cells labeled in vivo with 1,520 mCi of 
technetium-99m. High temporal resolution left ventric- 
ular time-activity curves, representing relative changes 
in ventricular volume during the average cardiac cycle, 
were generated, and left ventricular ejection fraction 
and peak filling rate in early diastole were calculated by 
previously validated techniques.! Peak left ventricular 
filling rate was computed in counts per second, normal- 
ized for the number of counts at end diastole, and ex- 
pressed as end-diastolic volume per second. Because 
heart rate and rhythm may affect peak filling rate mea- 
surements, 18 patients were excluded from the analysis 
of peak filling rate because of presence of sinus tachy- 
cardia, atrial fibrillation or paced rhythm. 

Treadmill exercise tests: Treadmill exercise testing 
without medications (except for digoxin in patients with 
chronic atrial fibrillation) was performed using the 
combined National Institutes of Health protocol." Ex- 
ercise test data were not considered valid, and therefore 
were excluded from analysis, in patients with either 
noncardiac exercise limitations (n = 2), rapid heart 
rates due to atrial fibrillation (n = 7) or fixed exercise 
heart rate responses due to ventricular paced rhythms 
(n = 2). 

Amiodarone therapy: Patients initially received 800 
mg of amiodarone twice daily for 10 days as inpatients, 
followed by 400 mg twice daily for 14 days, 600 mg/ 
day for 14 days, and 400 mg/day thereafter, as outpa- 
tients. In half of the patients, amiodarone doses were 
adjusted during the loading phase due to sinus brady- 
cardia (n = 2), arterial hypotension (n = 4), excessive 
QT interval prolongation (QTc >500 ms, n = 4), or 
other adverse effects (n = 15). In all patients, attempts 
were made to continue on the maintenance dose of ami- 
odarone until the first outpatient visit (approximately 2 
months after initiation of amiodarone therapy). Amio- 
darone blood concentrations were assayed using high- 
pressure liquid chromatography.!* 

Statistical analysis: All data are expressed as mean 
+ standard deviation. Statistical differences between 
groups were determined by unpaired ź tests. Paired £ 
tests were used to analyze differences in paired data. 
Fisher's exact test and chi-square tests were used to an- 
alyze categorical data. Cumulative survival was deter- 
mined by product-limit survival analysis using cardiac 
death as the time variable. Two product-limit survival 
functions were compared using the log-rank test. A p 
value «0.05 was considered significant. 


RESULTS 

Amiodarone blood levels: Amiodarone blood con- 
centrations measured after 10 days and 2 months of 
therapy were 2.6 + 1.2 ug/ml (range 1.1 to 6.4 ug/ml) 
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and 2.2 + 1.0 ug/ml (range 0.3 — 4.1 ug/ml), respec- 
tively. 

Symptoms and exercise duration: Amiodarone sig- 
nificantly reduced New York Heart Association func- 
tional class in the patients, from 3.3 + 0.5 at baseline to 
2.3 + 0.8 after 10 days (p <0.001) and to 2.7 + 0.8 
after 2 months of treatment (p «0.001, Figure 1). In 
keeping with this improvement in symptoms, exercise 
duration increased by >10% in 38 of 39 patients (97%), 
from 4.5 + 4.2 minutes at baseline to 9.6 + 5.0 minutes 
(p <0.001) after 10 days and to 10.2 + 5.0 minutes (p 
<0.001) after 2 months of amiodarone treatment (Fig- 
ure 2). 

Left ventricular functional responses: Left ventricu- 
lar ejection fraction did not change significantly: basal 
value 67 + 16%, 71 + 13% at 10 days and to 72 + 13% 
at 2 months. Of note, left ventricular ejection fraction in 
a subgroup of 5 patients with diminished left ventricular 
function (ejection fraction <50%) increased with amio- 
darone, from 37 + 9% at baseline to 52 + 7% at 10 
days and 49 + 7% at 2 months. Despite the absence of 
changes in ejection fraction, amiodarone caused a small 
but significant increase in peak left ventricular diastolic 
filling rate: peak filling rate increased from 2.77 + 1.01 
end-diastolic volume per second at baseline to 2.97 + 
1.03 end-diastolic volume per second after 10 days (p = 
0.05) and to 2.98 + 1.04 end-diastolic volume per sec- 
ond after 2 months (p = 0.01) with amiodarone treat- 
ment. The peak filling rate decreased by >5% in 8 of 33 
patients (24%). There was no significant association be- 


p<0.001 
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FIGURE 1. New York Heart Association functional class sta- 
tus (F.C.) in patients with hypertrophic cardiomyopathy deter- 
mined at baseline, and >10 days and 2 months after treat- 
ment with amiodarone. 
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TABLE Il Comparison of the Clinical Characteristics of 
Patients with Hypertrophic Cardiomyopathy With and Without 
Ventricular Tachycardia During 24-Hour Ambulatory Holter 
Monitoring 


Characteristic 


No. of patients 
Gender 


Male 


Female 


Age (yr 


) 


Mean € 1 SD 
Range 
NYHA functional class 


Hl 
IV 


Family history of sudden death 
LVOT obstruction 
Basal gradient 230 mm Hg 
Provocable gradient 250 mm Hg 
LV diastolic filling rate (ml/s) 
Mean + 1 SD 
Range 


LVEF 


Mean + 1 SD 
Range 


11 (52%) 
10 (48%) 


45 1 12 
20—65 


14 (6676) 
7 (33%) 
7 (33%) 


8 (38%) 
6 (29%) 


3.0+ 1.0 
1.9-4.6 


724110 
51-89 


13 (45%) 
16 (55%) 


4114 
17—61 


20 (69%) 
9 (31%) 
4 (14%) 


10 (34%) 
5(17%) 


2.7+1.3 
1.0-6.2 


62 + 20 
25-97 


0.81 


0.32 


0.89 
0.19 


0.97 
0.49 


0.26 


0.06 


LV = left ventricle; SD = standard deviation; VT = ventricular tachycardia on Holter 
monitoring; other abbreviations as in Table |. 








tween changes in peak filling rate and alterations in 

functional class status or exercise performance. 
Ambulatory electrocardiographic Holter monitor- 

ing: VT was recorded in 21 patients (42%) during 
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FIGURE 2. Treadmill exercise test durations at baseline, and 
after 10 days (10-D) and 2 months (2-m) of amiodarone ther- 
ot: cb See are ee 
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FIGURE 3. Product-limit survival analysis of the 50 patients 
with hypertrophic cardiomyopathy who were treated with 
amiodarone. Numbers in parentheses are the number of pa- 
tients remaining at each time interval. 


Holter monitoring, with an average duration of 7 + 6 
beats (range 3 to 30) and a rate of 159 + 24 beats/min 
(range 125 to 200). The clinical characteristics of pa- 
tients with and without VT were not significantly differ- 
ent (Table II). With amiodarone VT occurred in only 3 
patients (6%) after 10 days and in 2 patients (4%) after 
2 months of treatment (p «0.001). No bradyar- 
rhythmias were recorded. 

Long-term results: The follow-up period ranged 
from 1 month to 6.1 years (mean 2.2 + 1.8 years). At 
the end of the study, 17 patients (3496) continued to 
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take amiodarone. Of these, 2 patients were in functional 
class I, 10 patients were in class II and 5 patients were 
in class III. Each of these patients experienced marked 
symptomatic improvement with amiodarone that was 
sustained. Reasons for discontinuing amiodarone during 
the maintenance phase included poor symptom control 
(n = 19), intolerable drug side effects (n = 6) and 
death (n = 8). 

The 6-month and 1- and 2-year cumulative survival 
rates were 87, 85 and 80% (Figure 3). Six of the deaths 
occurred within the first 5 months (mean 2.5) of start- 
ing amiodarone, with 4 occurring in <3 months. Of the 
8 deaths, all but 1 were sudden; the other was preceded 
by progressive congestive heart failure in a patient with 
left ventricular dilatation and a left ventricular ejection 
fraction of 43%. Of the 7 patients who died suddenly, 
none had a prior history of sudden cardiac arrest, but 3 
had a history of syncope. The amiodarone dose varied 
from 400 to 800 mg/day at the time of death, and the 
cumulative amiodarone dose averaged 46 g (range 30 to 
71). Amiodarone blood levels were in a range generally 
considered therapeutic in the 4 patients in whom drug 
concentrations were available during maintenance ther- 
apy (1.7, 1.6, 1.4, 3.5 ug/ml, respectively). 

Patients with VT recorded during Holter monitoring 
before amiodarone therapy had a significantly lower 
survival rate with amiodarone (62 vs 97% at 2 years, 
p <0.01) than patients without VT (Figure 4). All sud- 
den deaths occurred in patients in whom no VT was re- 
corded during Holter monitoring after 10 days and 2 
months of amiodarone treatment. Left ventricular peak 
diastolic filling rates were available in 5 of 7 patients 
who died suddenly. A decrease in peak filling rate after 


FIGURE 4. Comparison of product-limit 
survival rates in patients with hypertro- 
phic cardiomyopathy with and without 
ventricular tachycardia (VT) during ambu- 
latory Holter monitoring who were treated 
with amiodarone. Numbers in parentheses 
are the number of patients remaining at 
each time interval. 
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TABLE Ill Clinical Characteristics of Patients with Hypertrophic Cardiomyopathy Who Died Suddenly on Amiodarone Therapy 


Basal 
LVOT 


NYHA 


Syncope Basal Amio 


4 
0 
0 
0 
0 
0 
0 


PAS Gradient — ~M 
(mmHg) (mmHg) Basal  Amio Basal Amio Basal Amio (mo) 


VT on Holter LVFR LVEF (%) 


Follow-Up 


Amio = amiodarone; FH = family history of sudden death; LVFR = left ventricular filling rate (end-diastolic volume per second); PAS = pulmonary artery systolic pressure; + = pos- 


itive; O = negative; other abbreviations as in Tables | and II. 


10 days of amiodarone treatment was also associated 
with a significantly increased incidence of subsequent 
sudden death: 4 of 8 patients in whom the peak filling 
rate decreased died suddenly compared with only 1 of 
25 patients in whom the peak filling rate either in- 
creased or remained unchanged (p <0.05). Univariate 
analysis of other baseline patient characteristics and 
treatment variables did not reveal factors predictive of 
subsequent cardiac mortality (Table III). 


DISCUSSION 

Our study documents that amiodarone usually im- 
proves symptoms and exercise capacity, often dramati- 
cally, in patients who do not benefit from conventional 
therapy. Thus, symptoms were improved by 21 func- 
tional class in 39 patients (7896), and exercise treadmill 
time by 210% in 49 patients (98%) after initiation of 
therapy. After an average follow-up of 72 years, and 
ranging up to 6 years, approximately one-third of pa- 
tients continued to take amiodarone, all of whom main- 
tained symptomatic improvement. These patients had at 
least moderately severe symptoms before amiodarone 
therapy despite treatment with calcium antagonists and 
B blockers; thus, these results in patients who had al- 
ready failed the only medical therapy available are en- 
couraging because they identify a pharmacologic agent 
that can greatly improve symptoms in patients with oth- 
erwise refractory symptoms. In addition, and in contrast 
to reports from other investigators,!??? left ventricular 
diastolic filling was favorably influenced by amiodarone 
in most patients, and exacerbation of congestive heart 
failure was rare. 

We were also initially encouraged by the demonstra- 
tion that amiodarone decreased the prevalence of VT 
during Holter monitoring. Our interest in the effects 
of amiodarone on VT stems from the high incidence 
of sudden death in patients with HC who have non- 
sustained VT during ambulatory electrocardiographic 
monitoring.5? This association has led to empiric treat- 
ment with antiarrhythmic drugs.!:!?-!4^ Although no pro- 
spective control trials have been reported, retrospective 
historical studies have not demonstrated that prognosis 
is improved, or that monitored VT episodes are consis- 
tently abolished with type 1A antiarrhythmic drugs, or 





with either 8 blockers or calcium antagonists.!:!0-14 
These negative findings prompted McKenna et al to 
administer amiodarone as a therapeutic agent in pa- 
tients thought to be at high risk of sudden death be- 
cause of the presence of VT during Holter monitoring. 
These investigators reported that treatment with amio- 
darone in 21 asymptomatic or mild to moderately 
symptomatic patients (loading dose 400 to 800 mg/day 
for 7 days followed by 150 to 400 mg/day thereafter 
[median maintenance dose 300 mg/day]) suppressed 
VT during repeat ambulatory electrocardiographic 
monitoring in all patients. Most important, there were 
no episodes of sudden death during a 5-year follow-up 
period. These preliminary findings in a small series of 
selected patients have been interpreted by these investi- 
gators as indicating that all patients with HC who have 
VT detected by ambulatory electrocardiographic moni- 
toring should be treated indefinitely with oral amioda- 
rone to prevent sudden cardiac death. The results of our 
study question the validity of this approach. Amioda- 
rone markedly reduced the incidence of nonsustained 
VT during ambulatory electrocardiographic monitoring. 
However, a very alarming result emerged: Only 80% of 
the entire patient cohort treated with amiodarone sur- 
vived during a follow-up period averaging «2 years, and 
the mortality rate was actually higher in patients with 
VT on ambulatory monitoring (Figure 4). Moreover, 6 
of 7 sudden deaths clustered around 5 to 20 weeks from 
the time of initiating amiodarone treatment. These ob- 
servations raise the possibility that amiodarone may 
have contributed to the increased mortality in these pa- 
tients. This is further suggested by the fact that prior 
studies have demonstrated an annual mortality rate of 
about 1 to 2% in patients without VT detected on am- 
bulatory Holter monitoring, and about 8% in patients 
with VT. The fact that (1) death was sudden in all but 
1 of the patients in the present study, (2) the 6-month 
mortality of the amiodarone-treated patients was 3% in 
patients without VT and 38% in patients with VT, and 
(3) amiodarone increases the ease with which malignant 
arrhythmias are induced by programmed stimulation in 
most patients and can induce heart block,*! strongly im- 
plicates amiodarone as a contributing cause of the unex- 
pectedly high frequency of the early sudden deaths we 
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observed. The results of our study further suggest that 
the abolition of VT during Holter monitoring by amio- 
darone is a poor guide to efficacy or safety of the drug. 
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Clotting: 
it happens in vitro. 





hen using any contrast medium, good angio- 
graphic technique is important. However, even 

when meticulous technique is used, some mixing 
of blood with contrast media in syringes is possi- 


ble. Prolonged contact of blood and contrast media 


can lead to clot formation. 


In vitro comparative studies show that Hexabrix 
possesses a greater anticoagulant potency than 
iopamidol or iohexol.':? 


Nonionics permit thrombin generation to occur 
when mixed with whole blood in vitro; no thrombin 
was detected when Hexabrix was mixed with 
whole blood.? 


Reinfusion of thrombin-containing mixture could 
pose a potential hazard in procedures where there 
is likelihood of slow or stagnant flow (ie, PTCA).? 
This may be particularly important in patients with 
defects in the coagulation system.^ 


Hexabrix had less effect than the nonionic 
iopamidol-370 on hemodynamic factors follow- 
ing left ventriculography in a recent compara- 
tive study." 


Hexabrix has the lowest osmolality (per mg iodine) 
of the low-osmolar contrast media. 


Hexabrix makes hand injections during PTCA 
easier with a lower viscosity (compared with 
iopamidol-370 or iohexol-350 at 37°C).° 


Please see the following page for references and brief summary 
of prescribing information. 


Hexabrix 


(ioxaglate meglumine 39.3%/ 
ioxaglate sodium 19.6% injection) 


tLicensed by Guerbet, S.A. Registered U.S. Patent and Trademark Office. 
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Hexabrix (ioxaglate meglumine 39.3%/ioxaglate sodium 19.6% injection) 


HEXABRIX® 
Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
megiumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
calcium disodium as a stabilizer. The solution contains 3.48 
mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine. 


CONTRAINDICATIONS 

HEXABRIX is contraindicated for use in myelography. Refer 
to PRECAUTIONS concerning hypersensitivity. Hysterosal- 
pingography should not be performed during the menstrual 
period; in pregnant patients; in patients with known infection 
in any portion of the genital tract; or in patients in whom 
cervical conization or curettage has been performed within 
30 days. Arthrography should not be performed if infection is 
present in or near the joint. 


WARNINGS 
lonic iodinated contrast media inhibit blood coagulation, in 
Vitro, more than nonionic contrast media. Nonetheless, it is 
prudent to avoid prolonged contact of blood with syringes 
containing ionic contrast media. 

Serious, rarely fatal, thromboembolic events causing 
myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic con- 
trast media. Therefore, meticulous intravascular administra- 
tion technique is necessary, particularly during angiographic 
procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
niques are recommended including close attention to guide- 
wire and catheter manipulation, use of manifold systems and/ 
or three-way stopcocks, frequent catheter flushing with hep- 
arinized saline solutions and minimizing the length of 
the procedure. The use of plastic syringes in place of glass 
Syringes has been reported to decrease but not eliminate the 
likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the 
administration of iodine containing radiopaque media. It is of 
utmost importance to be completely prepared to treat any con- 
trast medium reaction. 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriogra- 
phy of vessels supplying the spinal cord. The injection of a 
contrast medium should never be made following the admin- 
istration of vasopressors, since they strongly potentiate neu- 
rologic effects. 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deteriora- 
tion, including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution 

A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma. 
In such instances anuria has developed, resulting in progres- 
sive uremia, renal failure and eventually death. Although nei- 
ther the contrast agent nor dehydration has separately 
proved to be the cause of anuria in myeloma, it has been 
speculated that the combination of both may be a causative 
factor. The risk in myelomatous patients is not a contraindi- 
cation to the procedure; however, partial dehydration in the 
preparation of these patients for the examination is not rec- 
ommended since this may predispose to precipitation of 
myeloma protein in the renal tubules. No form of therapy, 
including dialysis, has been successful in reversing the 
effect. Myeloma, which occurs most commonly in persons 
over 40, should be considered before instituting intravascular 
administration of contrast agents. 

Administration of radiopaque matenals to patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. If, in the opinion of the physi- 
cian, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; how- 
ever, the amount of radiopaque medium injected should be 
kept to an absolute minimum. The blood pressure should be 
assessed throughout the procedure, and measures for treat- 
ment of a hypertensive crisis should be available. 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for 
Sickle cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need 
for the examination dictates, since excretion of the medium 
may be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 
failure and recent renal transplant recipients present an addi- 
tional risk. 

Renal failure has been reported in patients with liver dys- 
function who were given an oral cholecystographic agent fol- 
lowed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease, notably diabetics 
and hypertensives. In these classes of patients there should 
be no fluid restriction and every attempt made to maintain 
normal hydration prior to contrast medium injection, since 
dehydration is the single most important factor influencing 
further renal impairment. 

Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 
with elevated body temperatures. 

Reports of thyroid storm occurring following the intravas- 
cular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 
Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particu- 
lar procedure to be performed. All procedures utilizing 
contrast media carry a definite risk of producing adverse 
reactions. While most reactions are minor, life-threatening 
and fatal reactions may occur without warning, and this risk 
must be weighed against the benefit of the procedure. A fully 
equipped emergency cart, or equivalent supplies and equip- 
ment, and personnel competent in recognizing and treating 
adverse reactions of all types should always be available. If a 
serious reaction should occur, immediatcly discontinue 
administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent person- 


nel should be available for at least 30 to 60 minutes after 
administration. (See ADVERSE REACTIONS.) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
patients with pre-existing renal insufficiency, patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients. 

Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other manifesta- 
tions of allergy has been established. The possibility of 
an idiosyncratic reaction in patients who have previously 
received a contrast medium without ill effect should always 
be considered. Prior to the injection of any contrast medium, 
the patient should be questioned to obtain a medical history 
with emphasis on allergy and hypersensitivity. A positive his- 
tory of bronchial asthma or allergy (including food), a family 
history of allergy, or a previous reaction or hypersensitivity to 
a contrast agent may imply a greater than usual risk. Such a 
history may be more accurate than pre-testing in predicting 
the potential for reaction, although not necessarily the sever- 
ity or type of reaction in the individual case. A positive his- 
tory of this type does not arbitrarily contraindicate the use of a 
contrast agent when a diagnostic procedure is thought essen- 
tial, but does call for caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present 
with a strong allergic history, a previous reaction to a con- 
trast medium, or a positive pre-test since in these patients 
the incidence of reaction is two to three times that of the gen- 
eral population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection 
and for 24 hours after injection. Antihistamines should be 
administered within 30 minutes of the contrast medium injec- 
tion. Recent reports indicate that such pre-treatment does 
not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe 
should be used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients; however, a higher inci- 
dence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and 
increase the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: It is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart 
failure, since this may lead to increased right side pressures 
with subsequent bradycardia and systemic hypotension. 
Patients with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis 
are more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Artenography with or without left ven- 
triculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility 
of aggravating the pre-existing condition. Hypotension 
should be corrected promptly since it may result in serious 
arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) injec- 
tions. This change is usually transient and requires no treat- 
ment; however, the blood pressure should be monitored for 
approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is recom- 
mended. This is especially important in patients with severe 
arterial disease. 

Cerebral Angiography: Cerebral angiography should be per- 
formed with special caution in patients with advanced arterio- 
sclerosis, severe hypertension, cardiac decompensation, 
senility, recent cerebral thrombosis or embolism, and migraine. 

Intra-Arterial Digital Subtraction Angiography: The risks 
associated with IA-DSA are those usually attendant with 
catheter procedures. Following the procedure, gentle pres- 
sure hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is 
reduced when small test injections of contrast medium are 
made under fluoroscopic observation to insure that the cath- 
eter tip is properly positioned and, in the case of peripheral 
placement, that the vein is of adequate size. 

Patient motion. including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspected throm- 


bosis, phlebitis, severe ischemic disease, local infection or a 
totally obstructed venous system. 

Extreme caution during injection of contrast media is nec- 
essary to avoid extravasation and fluoroscopy is recom- 
mended. This is especially important in patients with severe 
arterial or venous disease. 

Excretory Urography: Infants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNINGS and PRECAUTIONS concerning preparatory 
dehydration.) 

Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, includ- 
ing respiration, can markedly affect image quality. The use of 
an intravascular contrast medium can obscure tumors in 
patients undergoing CT evaluation of the liver, resulting in a 
false negative diagnosis. Dynamic CT scanning is the proce- 
dure of choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. Delayed 
onset of pain and fever (1-2 days) may be indicative of pelvic 
infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in 
males or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence 
of impaired fertility or harm to the fetus due to HEXABRIX. 
There are, however, no adequate and well controlled studies 
in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should 
be used during pregnancy only if clearty needed. 

Nursing Mothers: loxaglate saits are excreted unchanged 
in human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Safety and effectiveness in children has 
been established in pediatric angiocardiography and intrave- 
nous excretory urography. Data have not been submitted to 
support the safety and effectiveness of HEXABRIX in any 
other indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. Idiosyn- 
cratic reactions may or may not be dependent on the dose 
injected, the speed of injection, the mode of injection and the 
radiographic procedure. Idiosyncratic reactions are subdi- 
vided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxic- 
ity associated with agents of this class are theoretically pos- 
sible, and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the adminis- 
tration of HEXABRIX as well as other iodine-containing con- 
trast agents. Most deaths occur during injection or 5 to 10 
minutes later; the main feature being cardiac arrest with car- 
diovascular disease as the main aggravating factor. Isolated 
reports of hypotensive collapse and shock are found in the 
literature. Based upon clinical literature, reported deaths from 
the administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 
patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. Car- 
diac decompensation, serious arrhythmias, or myocardial 
ischemia or infarction may occur during coronary arteriog- 
raphy and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually 
of brief duration. In double-blind clinical trials, HEXABRIX 
produced less discomfort upon injection (pain and heat) 
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when compared to various other contrast agents. Other reac- 
tions include the following: 

Hypersensitivity reactions. Dermal manifestations of urti- 
caria with or without pruritus, erythema and maculopapular 
rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to 
the respiratory system include sneezing, nasal stuffiness, 
coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infre- 
quent reactions including asthmatic attack, laryngospasm 
and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type reac- 
tions can progress into anaphylaxis with loss of conscious- 
ness, coma, severe cardiovascular disturbances, and death. 

Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely, 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management: 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia. 
syncope, paresis, paralysis resulting from spinal cord injury 
and pathology associated with the syndrome of transverse 
myelitis, visual field losses which are usually transient but 
may be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills with- 
out fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without 
left ventriculography, patients may have clinically insignifi- 
cant ECG changes. The following adverse effects have 
occurred in conjunction with the administration of iodinated 
intravascular contrast agents for this procedure: hypoten- 
sion, shock, anginal pain, myocardial infarction, cardiac 
arrhythmias (bradycardia, ventricular tachycardia, ventricular 
fibrillation) and cardiac arrest. Fatalities have been reported. 
Complications to the procedure include dissection of coro- 
nary arteries, dislodgement of atheromatous plaques, perfo- 
ration, hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the percuta- 
neous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arteriographic adverse 
reactions appear to be repeated injections of the contrast 
material, administration of doses higher than those recom- 
mended, the presence of occlusive atherosclerotic vascular 
disease and the method and technique of injection. Adverse 
reactions are normally mild and transient. A feeling of 
warmth in the face and neck is frequently experienced. Infre- 
quently, a more severe burning discomfort is observed. Tran- 
sient visual hallucinations have been reported. Serious 
neurological reactions that have been associated with cere- 
bral angiography and not listed under Adverse Reactions 
include stroke, amnesia and respiratory difficulties. Visual 
field defects with anopsia and reversible neurological 
deficit lasting from 24 hours to 48 nours have been reported. 
Confusion, disorientation with hallucination, and absence 
of vision sometimes lasting for one week have also been 
reported. Cardiovascular reactions that may occur with some 
frequency are bradycardia and either an increase or decrease 
in systemic blood pressure. The blood pressure change is 
transient and usually requires no treatment. Arthrography 
may induce joint pain or discomfort which is usually mild 
and transient but occasionally may be severe and persist for 
24 to 48 hours following the procedure. Effusion requiring 
aspiration may occur in patients with rheumatoid arthritis. 
Fever and pain, cramping and tenderness of the abdomen 
have been reported following hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia, acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of an overdose is 
directed toward the support of all vital functions and prompt 
institution of symptomatic therapy. 

loxaglate salts are dialyzable. 

The intravenous LD5ọ values of HEXABRIX (in grams 
of iodine/kilogram body weight) were 11.2 g/kg in mice, 
> 8 g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg 
in dogs. 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 

Rev. Nov. 1989. 
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Value of Electrophysiologic Studies in 
Hypertrophic Cardiomyopathy 
Treated with Amiodarone 


Lameh Fananapazir, MD, and Stephen E. Epstein, MD 


The relation of electrophysiologic effects of amio- 
darone to long-term outcome was studied in 35 pa- 
tients with hypertrophic cardiomyopathy (HC). Indi- 
cations for electrophysiologic studies were: cardiac 
arrest (n = 3), syncope/presyncope (n = 27) and 
asymptomatic ventricular tachycardia (VT) (n = 5). 
Twenty-eight patients (80%) had VT, 3 (9%) atrial 
tachycardia and 3 (996) paroxysmal atrial fibrilla- 
tion during 24-hour Holter monitoring. The studies 
were repeated after a total amiodarone dose of 58 
+ 122 g and during a maintenance median daily 
dose of 400 mg. Amiodarone abolished paroxysmal 
atrial arrhythmias in all 6 patients. However, it 
caused marked atrioventricular nodal conduction 
abnormality in 3 patients and heart block or 
marked HV interval prolongation (to 7100 ms) in 4 
patients. 

Sustained VT was induced in 26 patients (7496) 
at baseline study and in 23 patients (66%) taking 
amiodarone therapy. With amiodarone, VT was no 
longer inducible or was more difficult to induce in 
11 patients (3196), and the drug abolished VT dur- 
ing Holter monitoring in all patients. However, VT 
was easier to induce with amiodarone or was in- 
duced only with amiodarone in 18 (5196) patients. 
Amiodarone significantly slowed the rate of in- 
duced VT (from 248 + 29 to 214 + 37 beats/min, 
p «0.001). This was associated with a change in its 
morphology from polymorphic to monomorphic VT 
in 7 patients. 

During a follow up of 18 + 14 months (range 2 

to 56), amiodarone was discontinued because of 
adverse effects in 8 patients (2396). Additionally, 4 
of 18 patients in whom amiodarone facilitated in- 
duction of VT either died (n — 2) or received appro- 
priate electric shocks from an implanted defibrilla- 
tor device compared with none of the remaining 17 
patients taking amiodarone in whom VT induction 
was not possible, unchanged or more difficult (1- 
year event-free rates: 71 vs 100%, p «0.05). All 
4 patients had presented with syncope or cardiac 
arrest. 
From the Clinical Electrophysiology Laboratory, Cardiology Branch, 
National Heart, Lung, and Blood Institute, National Institutes of 
Health, Bethesda, Maryland. Manuscript received June 21, 1990; re- 
vised manuscript received September 13, 1990, and accepted Septem- 
ber 14. 

Address for reprints: Lameh Fananapazir, MD, Building 10, Room 


7B-14, Cardiology Branch, National Institutes of Health, Bethesda, 
Maryland 20892. 
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Thus, although amiodarone effectively suppress- 
es atrial arrhythmias and reduces or prevents VT 
induction in about one-third of patients with HC, it 
causes important conduction abnormalities in about 
2096 of patients and facilitates induction of VT in 
about half of patients. This latter group of patients 
may be prone to malignant VT and amiodarone, 
and cannot be identified by Holter recordings. Elec- 
trophysiologic studies are therefore necessary 
when initiating amiodarone, because the results 
identify patients with HC who should receive a 
pacemaker with the drug, as well as those in whom 
amiodarone should be discontinued because of seri- 
ous proarrhythmic effects. 

(Am J Cardiol 1991;67:175-182) 


are prone to sudden death and syncope.'~* These 
events are usually unheralded by symptoms and 
in most patients are probably related to arrhythmias.'~4 
In this context, ventricular tachycardia (VT) observed 
during 24- to 48-hour Holter monitoring has been re- 
ported to be associated with a three- to fourfold increase 
in the incidence of sudden death.^? Amiodarone, a drug 
with well-recognized potent antiarrhythmic properties 
in patients with coronary artery disease, has been 
claimed to eliminate sudden death in this subgroup of 
patients with HC.^" However, most HC patients with 
VT, if untreated, do not die suddenly or have syncope. 
Thus, when empiric therapy with amiodarone is based 
on results of Holter monitoring, it inevitably results in 
many patients being treated unnecessarily with a drug 
that has potentially serious side effects. 
Electrophysiologic studies frequently provide poten- 
tial explanations for sudden cardiac arrest, syncope and 
arrhythmias in patients with HC, thereby providing an 
indispensable guide to therapy. The present investiga- 
tion examines the electrophysiologic effects of amio- 
darone in patients with HC who are considered to be 
potentially at risk for sudden death, and determines 
whether such studies can improve the safety of amioda- 
rone therapy and predict the long-term outcome in 
these patients. 


P atients with hypertrophic cardiomyopathy (HC) 


METHODS 

Study group: Electrophysiologic studies were per- 
formed prospectively in 35 patients with HC (Table I) 
before and after amiodarone therapy. In all patients the 
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TABLE I Clinical Findings in 35 Patients with Hypertrophic 
Cardiomyopathy in Whom Electrophysiologic Studies were 
Performed Before and After Amiodarone Therapy 








Clinical 
Characteristics 









Gender 

























Men 21 (60%) 
Women 14 (4095) 
Age (years) 
Mean + 1 SD 46+ 16 
Range 14 to 76 
Clinical presentation 
Sudden cardiac arrest 3 (1196) 
Syncope 17 (4995) 
Presyncope 10 (28%) 
Asymptomatic ventricular tachycardia 5 (14%) 
Rhythm 
Sinus 33 (94%) 
Chronic atrial flutter + CHB (VVI) 1 (3%) 
Chronic atrial fibrillation 1 (3%) 
Left ventricular outflow tract obstruction 
Basal gradient (230 mm Hg) 4 (1195) 
Provokable gradient (250 mm Hg) 7 (2096) 
(Basal gradient [<30 mm Hg]) 
Holter monitor 
No arrhythmias 7 (20%) 
Ventricular tachycardia 28 (80%) 
Paroxysmal atrial tachycardia 3 (9%) 
Paroxysmal atrial fibrillation 3 (9%) 





CHB = complete heart block; VVI = ventricular demand-paced rhythm. 


diagnosis of HC was based on the echocardiographic 
demonstration of a hypertrophied, nondilated left ven- 
tricle in the absence of another systemic or cardiac dis- 
ease that might produce left ventricular hypertrophy. 
All patients had full hemodynamic assessment before 
electrophysiologic study. No patient had coronary ar- 
tery disease. 

Electrophysiologic study: All patients underwent 2 
electrophysiologic studies: an initial study after discon- 


tinuation of all cardioactive drugs for 75 half-lives, and 


a second study during a maintenance dose of amioda- 
rone. Electrophysiologic studies were performed with 
the patient fasting and sedated with 10 mg of oral diaz- 
epam. Three to 4 quadripolar SFr/6Fr catheters were 
introduced percutaneously into a femoral vein and were 
fluoroscopically positioned in the high right atrium, 
atrioventricular junction, right ventricular apex and out- 
flow tract. In patients with supraventricular tachycar- 
dia, a quadripolar catheter was also placed in the coro- 
nary sinus through a subclavian vein. A femoral artery 
was cannulated with an 8Fr sheath for continuous re- 
cording of the systemic arterial pressure and in some 
patients for left ventricular stimulation. Intracardiac 
electrograms were filtered at 30 to 500 Hz and standard 
electrocardiographic leads I, II and V, or V¢ were fil- 
tered at 0.1 to 20 Hz, and displayed on a multichannel 
oscilloscope (Electronic for Medicine, VR16) and re- 
corded on light sensitive paper at 100 mm/s. Pro- 
grammed stimulation was performed using a digital 
programmable stimulator (Bloom Associates, Ltd.) us- 
ing 2.0-ms rectangular pulses at twice late diastolic 
thresholds. 
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The details of the cardiac stimulation protocol have 
been reported previously. Briefly, the following were 
assessed: basic intervals, sinoatrial conduction time, si- 
nus node recovery time, atrial refractory periods, atrio- 
ventricular nodal refractory periods, Wenckebach cycle 
length, maximum ventricular rate with 1:1 atrioventric- 
ular conduction, and ventricular refractoriness. Pro- 
grammed ventricular stimulation involved 2 right ven- 
tricular sites and a left ventricular site, 3 ventricular- 
paced drives (S;: 600, 500 and 400 ms), and up to 3 
extrastimuli (S2, S4 and S4). The end point of the stim- 
ulation protocol was refractoriness or induction of a sus- 
tained ventricular arrhythmia. - 

Nonsustained VT was defined as VT terminating 
spontaneously after «30 seconds. Sustained VT was VT 
of 230 seconds’ duration or requiring termination be- 
cause of hemodynamic compromise. VT with continu- 
ous-changing QRS morphology was termed polymor- 
phic and one with uniform QRS complexes was termed 
monomorphic. 

Amiodarone therapy protocol and follow-up: Pa- 
tients were administered amiodarone, 400 or 600 mg 
twice daily, for 7 to 10 days, and then maintained on a 
daily dose of 400 mg (in 2 patients the dose was re- 
duced to 200 mg/day after 1 year of therapy). Patients 
underwent their second electrophysiologic study after 4 
+ 9 months (range 1 to 41) of amiodarone therapy (me- 
dian daily dose 400 mg), and after receiving a total dose 
of 58 + 125 g (range 12 to 670). Long-term follow-up 
assessment included 6 monthly visits to the cardiology 
clinic and telephone interrogation of patients, their rela- 
tives and their physicians. Sudden cardiac arrest was 
defined as a history of a resuscitation attempt that re- 
quired direct-current cardioversion within 2 hours of 
collapse. An appropriate electric shock from an im- 
planted defibrillator was defined as an episode of synco- 
pe associated with, on interrogation, the registration of 
a further electric discharge by the device. 

Statistics: Data are expressed as mean + 1 standard 
deviation. Student's ¢ test, Fisher's exact test, and chi- 
square test were used to assess differences in categoric 
and continuous variables. Cumulative survival was de- 
termined by product-limit survival analysis using sud- 
den death and appropriate electric discharges from an 
implanted defibrillator as time variables. Two product- 
limit survival functions were compared using the log- 
rank test. A p value <0.05 was considered significant. 


RESULTS 

Sinus node function and atrioventricular nodal and 
His-Purkinje conduction: At baseline study, sinoatrial 
conduction time was abnormal (>120 ms) in 11 of 20 
patients (55%). In contrast, no patient had abnormal 
sinus node recovery time (>1,500 ms). Amiodarone sig- 
nificantly slowed the sinus rate but did not significantly 
prolong sinoatrial conduction or sinus node recovery 
times (Table II). Amiodarone significantly prolonged 
atrioventricular node and His-Purkinje conduction (p 
<0.001). At baseline study, 2 patients (8%) had abnor- 
mal atrioventricular nodal conduction (Wenckebach cy- 
cle length 2500 ms) and 12 patients (34%) had an ab- 
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TABLE Il Electrophysiologic Effects of Amiodarone Therapy 


No. of 
Electrophysiologic Indexes Pts. * 
Sinus node parameters (ms) 
Sinus cycle length 32 
Sinoatrial conduction time 20 
Sinus node recovery time 17 
Atrial refractoriness (ms) 
Atrial ERP 26 
Atrial FRP 26 
Atrioventricular node 
Conduction (ms) 
AH interval 32 
AV node ERP 26 
AV node FRP 26 
Shortest 1:1 AV conduction 24 
Wenckebach cycle length 24 
No. of patients with 24 
Wenckebach cycle length 2-500 
His-Purkinje conduction 
HV interval (ms) 30 
HV > 55 ms 30 
No. of patients with 30 
HV infranodal block 
Ventricular ERP (ms) 
RVA PCL = 600 28 
RVA PCL = 500 29 
RVA PCL = 400 27 
RVOT PCL = 600 27 
RVOT PCL = 500 26 
RVOT PCL = 400 26 
LV PCL = 600 10 
LV PCL = 500 10 
LV PCL = 400 9 


* Number of patients with paired data. 


| M | DE STIE T Toy - i 
Baseline Amiodarone p Value 
890 + 180 968 + 159 <0.001 
180 + 96 201 + 58 NS 
190 + 209 207 + 217 NS 
249 + 38 335+51 <0.001 
279+44 370+ 55 <0.001 
102 + 49 115+ 37 <0.001 
326 + 67 416 x 75 «0.001 
347 + 72 445 + 80 «0.001 
380 + 96 511 +83 <0.001 
370 +97 502471 <0.001 
2 14 <0.001 
5138615 62 119 «0.01 
12 19 NS 
2 4 NS 
276 1 19 303 + 26 «0.001 
265 + 23 287 + 22 <0.001 
251418 275425 <0.001 
276+19 301 + 26 «0.001 
265 + 23 290 + 36 «0.001 
25] x19 276 4 29 «0.001 
274 1 23 290 + 36 NS 
251 +24 272 + 34 NS 
238 + 31 258 + 31 NS 


AV = atrioventricular; ERP = effective refractory period; FRP = functional refractory period; LV = left ventricular site; NS = not significant; PCL = paced ventricular drive cycle 





length; RVA = right ventricular apical site; RVOT = right ventricular outflow tract site. 


normally prolonged HV (>55 ms) interval, With amio- 
darone, 14 (40%) had a Wenckebach cycle length of 
>500 ms (p <0.001) and 19 patients (54%) an abnor- 
mal HV interval. Two patients developed complete 
heart block. Permanent pacemakers were implanted in 
7 patients who continued to receive amiodarone thera- 
py: in 2 patients for heart block, 3 patients for in- 
ducible block distal to His bundle or an HV interval 
>100 ms, and in 2 patients for severe atrioventric- 
ular nodal conduction abnormality (Wenckebach cycle 
length >600 ms). 

Supraventricular arrhythmias: With amiodarone, 3 
patients with symptomatic sustained paroxysmal atrial 
tachycardia and 3 patients with paroxysmal atrial fibril- 
lation did not have any further recurrences of supraven- 
tricular arrhythmias. 

Ventricular arrhythmias: Amiodarone eliminated 
nonsustained VT during ambulatory electrocardio- 
graphic recording in all patients. At baseline electro- 
physiologic study, sustained VT was induced in 26 pa- 
tients (74%), and nonsustained VT in an additional 5 
patients (14%) (Figure 1). The premature intervals that 
resulted in induction of sustained VT were: 2 extrastim- 
uli (n = 8): S; = 467 + 87 ms, S; = 254 + 14 ms, and 
S, = 213 + 45 ms; 3 extrastimuli (n = 18): S; = 468 + 
77 ms, S; = 260 + 18 ms, S; = 226 + 24 ms, and S, = 
215 + 26 ms. In the remaining 9 patients, a significant- 
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ly (p «0.001) more aggressive stimulation protocol 
failed to induce a sustained VT: S; = 400 ms, S; = 251 
+ 15 ms, S, = 217 + 28 ms, and S, = 191 + 25 ms. 
At baseline, of the 26 patients whose VT was in- 
duced, 20 (77%) had polymorphic and 6 (33%) had 
monomorphic VTs. Three extrastimuli were needed to 
induce 3 of 6 (50%) of the monomorphic VTs, and 6 of 
20 (30%) polymorphic VTs (difference not significant). 
VT was induced with amiodarone in 23 patients 
(66%). VT induction was unaltered in 6 patients (18%). 
VT became noninducible or more difficult to induce 
with amiodarone in 11 patients (31%) but easier to in- 
duce in 18 (51%) (Figure 2). Notably, in 5 patients, 
induction of a sustained VT was by insertion of only 2 
extrastimuli in normal sinus rhythm (Figure 2). 
VT with amiodarone was slower (214 + 29 vs 248 + 
37 beats/min, Figure 3) but in all cases still required 
rapid termination due to hypotension. Slowing of the 
VT rate was associated with a change in the morpholo- 
gy of the induced VT (Figure 3): at baseline, induced 
VT was polymorphic in 20 patients (77%) and mono- 
morphic in 6 patients (23%), whereas with amiodarone 
VT was polymorphic in only 10 patients (43%) and 
monomorphic in 13 patients (57%) (p <0.01). 
Long-term follow-up: During a mean follow-up peri- 
od of 18 + 14 months (range 2 to 56), amiodarone was 
discontinued because of adverse effects in 8 patients: 
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pulmonary toxicity in 4 patients, sleep disturbances and 
tremulousness in 2 patients, and thyroid dysfunction in 
2 patients. Two patients died suddenly 2 to 3 months 
after initiation of amiodarone therapy. An additional 2 
patients received electric shocks (9 and 2 times, respec- 
tively) by an implanted defibrillator device (Automat- 
ic Implantable Cardioverter and Defibrillator, model 
1520, CPI) (Figure 4). These 4 patients presented with 
cardiac arrest (n = 1) or syncope (n = 3), and all had 
nonsustained VT during ambulatory Holter monitoring. 
All 4 patients had an inducible sustained VT (mono- 
morphic in 2 patients and polymorphic in 2 patients). 
VT induction was with 2 extrastimuli in 2 patients and 
3 extrastimuli in the remaining 2 patients. With amio- 
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darone, VT on Holter recording was abolished in all 4 
patients; however, a hemodynamically unstable mono- 
morphic VT was induced in all 4 patients with a less 
aggressive stimulation protocol than that necessary to 
induce VT at baseline study. Notably, in 2 of 4 patients 
receiving amiodarone, VT was induced with the least 
aggressive stimulation protocol, requiring insertion of 
only 2 extrastimuli in normal sinus rhythm. 

Long-term outcome was significantly related to 
whether amiodarone facilitated induction of VT; the 2- 
year event-free (no death or shocks by defibrillator) rate 
in patients in whom induction of VT required a less ag- 
gressive stimulation protocol was 71%; the event-free 
rate in patients in whom VT could not be induced with 
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FIGURE 1. Inducibility of nonsustained 
ventricular tachycardia (VT) and various 
morphologic types of sustained VT at 
baseline electrophysiologic study and dur- 
ing amiodarone therapy. M-VT = mono- 
morphic ventricular tachycardia; P-VT = 
polymorphic ventricular tachycardia. 
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FIGURE 2. Effect of amiodarone on induc- 
ibility of sustained ventricular tachycardia 


grammed ventricular stimulation protocol; 
RVA = right ventricular apical site; RVOT 
= right ventricular outflow tract site; + = 
death or automatic implantable cardio- 
verter defibrillator shock. 
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amiodarone, or inducibility of VT was unchanged or de- 
creased was 100% (p <0.05, Figure 5). The differences 
were more marked when inducibility of VT was consid- 
ered in the context of the patient’s clinical presentation. 
Thus, the 2-year event-free rate of patients who present- 
ed with syncope or with cardiac arrest and in whom 
inducibility of VT required a less aggressive stimulation 
protocol was 60%, compared with 100% in the remain- 
ing less symptomatic patients whether or not amioda- 


V 
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FIGURE 3. Effect of amiodarone on preva- 
lence of induced, sustained polymorphic 
(P-VT) and monomorphic (M-VT) ventricu- 
lar tachycardias: Relation of morphology 
of induced arrhythmia to its cycle length. 
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FIGURE 4. Product-limit survival rate and 
event (death or defibrillator shock)-free 
rate in the 35 patients who were treated 
with amiodarone. 
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rone decreased VT induction threshold, or in patients 
with syncope or sudden cardiac arrest (n = 8) in whom 
the drug either did not affect or decreased inducibility 
of VT (p <0.01, Figure 6). 


DISCUSSION 

Studies performed largely in patients with coronary 
artery disease have variably shown either a poor?! or 
a good'}!7 correlation between amiodarone-induced 
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changes in the inducibility or sustained VT and subse- 
quent sudden death or recurrence of symptomatic VT. 
However, to our knowledge, no study has evaluated the 
electrophysiologic effects of amiodarone in patients with 
HC, and the utility of these studies in predicting long- 
term outcome. 

The use of amiodarone to prevent sudden death in 
patients with HC stems from 3 findings. First, nonsus- 
tained VT during 24- to 48-hour ambulatory Holter 
monitoring confers an annual mortality of about 9% 
compared with <2% annual mortality in patients with- 
out ventricular arrhythmias.* Second, conventional 
antiarrhythmic drugs (mostly type 1A drugs), calcium 
antagonists and 6-blocking drugs have not been shown 
to reliably suppress VT or to improve survival in pa- 
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tients with HC.46 Indeed, antiarrhythmic drugs may 
have proarrhythmic effects in these patients.6 Third, in 
a nonrandomized study of HC patients with VT, Mc- 
Kenna et al^" found that amiodarone appears to abol- 
ish the occurrence of sudden death. These investigators 
have interpreted their findings as indicating that all HC 
patients with nonsustained VT should be treated with 
amiodarone empirically. This approach implies that 
there is no need for electrophysiologic study to ascertain 
whether (1) each individual patient being treated has an 
arrhythmogenic left ventricular substrate capable of 
sustaining a more malignant ventricular arrhythmia, (2) 
there is a conduction abnormality that can be exacer- 
bated by amiodarone, or (3) amiodarone exerts proar- 
rhythmic effects. In this context, we have previously 


FIGURE 5. Comparison of product-limit 
event-free rates in patients with increased 
inducibility of ventricular tachycardia (VT) 
with amiodarone (B) and in patients in 
whom VT could not be induced or ventric- 
ular induction was unchanged or more dif- 
ficult (A). 


FIGURE 6. Product-limit event-free rates 
in patients who presented with cardiac ar- 
rest or syncope and in whom induction of 
ventricular tachycardia (VT) required a 
less aggressive stimulation protocol com- 
pared with control study (B) versus less 
symptomatic patients or patients with syn- 
cope or cardiac arrest (n — 18) in whom 
amiodarone did not facilitate induction of 
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shown that less than one-fifth of HC patients with 
asymptomatic VT during Holter recording have sus- 
tained VT induced by programmed stimulation (which 
would suggest an arrhythmogenic left ventricle), com- 
pared to a prevalence of >90% in survivors of sudden 
cardiac arrest. The lack of an arrhythmogenic sub- 
strate capable of sustaining a malignant VT in most pa- 
tients with VT during Holter monitoring probably ac- 
counts for the fact that most HC patients with short 
runs of nonsustained VT do not die suddenly and have a 
good prognosis.^? Given the high incidence of serious 
side effects caused by amiodarone,'* we believe such 
low-risk patients should be identified by electrophysio- 
logic study and should avoid amiodarone therapy. 

Additionally, about one-third of patients with HC 
who present with VT, syncope or cardiac arrest have 
His-Purkinje conduction abnormalities at electrophysio- 
logic studies, and syncope and sudden death in patients 
with HC may occur due to heart block.!??? Amiodarone 
can aggravate distal His-Purkinje conduction abnormal- 
ities and precipitate hemodynamically catastrophic 
bradyarrhythmias. Although such conduction abnor- 
malities may be detected from routine electrocardio- 
graphic studies, often they are missed. This provides an- 
other reason for performing electrophysiologic studies 
before and after initiating amiodarone therapy. 

Finally, in patients without HC, amiodarone occa- 
sionally promotes the occurrence of malignant arrhyth- 
mias?!5; thus, amiodarone could also induce sudden 
death in patients with HC by a proarrhythmic effect. In 
this context, a recent study from our institution showed 
that in some subgroups of HC patients with VT, empir- 
ic amiodarone therapy is associated with a high inci- 
dence of sudden death occurring within 2 to 6 months 
after initiation of treatment." 

We therefore attempted in the present investigation 
to determine whether amiodarone does cause electro- 
physiologic abnormalities that could predispose to sud- 
den death, and whether electrophysiologic studies can 
identify patients in whom amiodarone actually increases 
the likelihood of sudden death in patients with HC. We 
found that amiodarone was very effective in abolishing 
symptomatic paroxysmal atrial arrhythmias, abolished 
VT on Holter, rendered VT noninducible or more diffi- 
cult to induce in about one-third of the patients, and 
significantly reduced the rate of induced VT. 

Despite these apparently salutary effects of amioda- 
rone, it caused sufficient conduction abnormalities in 
about one-fifth of the patients to necessitate implanta- 
tion of a permanent pacemaker. In more than half of 
the patients, induction of VT required a less aggressive 
stimulation protocol compared with that used at the 
baseline study. Moreover, although amiodarone reduced 
the rate of the induced VT, all VT induced with amio- 
darone had to be terminated rapidly because of the pre- 
cipitation of hypotension. Importantly, there was a sig- 
nificant relation between amiodarone-induced increase 
in ease of VT inducibility and subsequent mortality or 
shocks received from an implanted defibrillator: Within 
] year of commencing amiodarone therapy, 29% of pa- 
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tients in whom VT was more easily induced with amio- 
darone died suddenly or had a ventricular arrhythmia 
resulting in loss of consciousness, whereas no patient 
without proarrhythmic effects from the drug during 
programmed stimulation died suddenly. The events in 
the first group occurred despite the fact that amioda- 
rone abolished VT during Holter monitoring. If symp- 
tomatic presentation of the patients is also considered, 
the differences are even greater: 45% of patients who 
presented with syncope or sudden cardiac arrest and in 
whom amiodarone promoted induction of VT died sud- 
denly or had a malignant ventricular arrhythmia by 1 
year of follow-up, versus none of the less symptomatic 
patients or patients with syncope or cardiac arrest in 
whom the drug was not proarrhythmic (Figure 6). We 
conclude that electrophysiologic studies are necessary 
when initiating amiodarone therapy in patients with HC 
because the results identify those who should receive a 
pacemiaker and those in whom amiodarone should be 
discontinued. 
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Rarity of Preclinical Alcoholic Cardiomyopathy in 
Chronic Alcoholics «40 Years of Age 


Manuel D. Cerqueira, MD, George D. Harp, PhD, James L. Ritchie, MD, 
John R. Stratton, MD, and R. Dale Walker, MD 





Preclinical alcoholic cardiomyopathy, myocardial 
damage in the absence of overt congestive heart 
failure in chronic alcoholics, is well characterized at 
necropsy, but attempts to identify such a clinical 
entity before death have produced conflicting re- 
sults. Studying subjects only at rest, the inclusion 
of older alcoholics and limitations of noninvasive 
techniques may explain some of the disagreement. 
To determine if preclinical alcoholic cardiomyopa- 
thy could be identified independent of the afore- 
mentioned limitations, 25 asymptomatic chronic al- 
coholics aged <40 years (mean 34), each of whom 
had consumed a minimum of 1 pint of whiskey or 
one 6-pack of beer >5 days per week for 25 years, 
underwent radionuclide ventriculography for mea- 
surements of systolic and diastolic function at rest, 
peak supine exercise and during recovery, and 
echocardiography for assessment of chamber size, 
wall thickness and left ventricular mass. Red blood 
cell levels of selenium and thiamine were measured 
to determine whether abnormalities were present in 
these 2 potential mediators of alcoholic cardiomy- 
opathy. 

For comparison, an age-matched group of 
healthy control subjects was also studied. For alco- 
holics and control subjects at rest, mean ejection 
fraction (67 + 7% vs 71 + 6%) and diastolic peak 
filling rate (3.4 + 0.6 vs 3.3 + 0.6 end-diastolic 
volumes per second [EDV /s]) were similar. At peak 
exercise, the mean ejection fraction (83 + 6 vs 82 
+ 10), change in ejection fraction (14 + 10 vs 14 + 
7) and peak filling rate (8.9 + 2.0 vs 9.5 + 1.9 
EDV/s) were also similar, but ejection fraction 
failed to increase appropriately in 3 alcoholics 
(1296), suggesting possible stress-induced myocar- 
dial dysfunction. Left ventricular chamber size, 
fractional shortening, wall thickness and ventricu- 
lar mass by echocardiography were similar in the 
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alcoholic and control groups, as were red blood cell 
levels of selenium and thiamine. Repeat studies af- 
ter 4 weeks of abstinence from alcohol showed per- 
sistence of the exercise-induced abnormal response 
in 2 of the 3 alcoholics. These data suggest that the 
occurrence of preclinical cardiomyopathy in young, 
asymptomatic chronic alcoholics is rare and may 
require exercise stress testing to be detected. 

(Am J Cardiol 1991;67:183-187) 


frequently causes dilated cardiomyopathy and 

clinical symptoms of congestive heart failure. 
Myocardial damage has been attributed to a direct tox- 
ic effect of alcohol or to nutritional deficiencies.! Nec- 
ropsy and endomyocardial biopsy studies in chronic al- 
coholics free of cardiac symptoms have shown cavity 
dilatation, increased myocardial mass, interstitial fibro- 
sis and small-vessel coronary artery disease,” and this 
has led to the concept of a preclinical alcoholic cardio- 
myopathy. Previous attempts to detect preclinical alco- 
holic cardiomyopathy noninvasively, with systolic time 
intervals,$-!? echocardiography!!!6 and radionuclide 
ventriculography,"-!? have produced conflicting results. 
Failure to exclude other forms of heart disease as well 
as older patients from studies may account for these dif- 
ferences. Although development of alcoholic cardiomy- 
opathy directly correlates with estimated lifetime etha- 
nol dose,!? the frequency with which preclinical alco- 
holic cardiomyopathy occurs in young alcoholics with 
heavy consumption is unknown. 

The present study was undertaken to evaluate nonin- 
vasively the occurrence of preclinical alcoholic cardio- 
myopathy in a group of alcoholics aged <40 years, 
without heart disease, who consumed excessive amounts 
of alcohol over an extended time period. Radionuclide 
ventriculography was used to measure systolic and dia- 
stolic left ventricular function at rest, during exercise 
stress and recovery from stress. Studies were repeated 
after 4 weeks of in-hospital alcohol abstinence to mea- 
sure any changes resulting from stopping alcohol. Echo- 
cardiography was performed at rest to evaluate cham- 
ber size and wall mass. Red blood cell and serum levels 
of thiamine and selenium, 2 implicated mediators of al- 
coholic cardiomyopathy, were also measured.?0-?? 


(s consumption of large amounts of alcohol 


METHODS 
Patient selection: Twenty-five male alcoholics were 
screened from a group scheduled for elective admission 
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to an inpatient, 4-week alcohol dependence treatment 
program.” Enrollment criteria required patients to con- 
sume a minimum of | pint of whiskey or one 6-pack of 
beer 75 days a week for =5 years. Only alcoholics aged 
<40 were enrolled and all had a <1% probability of 
coronary artery disease.^ Although not used as entry 
criteria, all subjects achieved >85% of maximal predict- 
ed heart rate and had normal exercise electrocardio- 
grams. None of the alcoholics had ever been treated for 
hypertension or been diagnosed with cirrhosis. Absti- 
nence from alcohol was not required before hospitaliza- 
tion and some subjects continued drinking until the day 
before testing. However, none had clinical evidence of 
acute intoxication or alcohol withdrawal on the day of 
testing. All studies were repeated after 4 weeks of moni- 
tored, in-hospital abstinence from alcohol. 

Fifteen age-matched, paid volunteers without evi- 
dence of excessive alcohol consumption and with a <1% 
probability of coronary artery disease comprised the 
control group. This study was approved by the Human 
Subjects Committee of the University of Washington 
and all subjects gave informed consent. 

Echocardiography: M-mode echocardiograms were 
obtained with an ATL Ultramark 8 ultrasound unit. All 
measurements were performed according to the recom- 
mendations of the American Society of Echocardiogra- 
phy.? Fractional shortening was calculated with the 
formula: (LVIDd — LVIDs) /LVIDd, where LVIDd is 
the end-diastolic dimension and LVIDs is the end-sys- 
tolic dimension. Left ventricular mass was determined 
by the formula: LV mass = [1.05] [(LVIDd + VS + 
LVPW)? — (LVIDd)?], where VS represents ventricu- 
lar septal thickness and LVPW represents posterior wall 
thickness at end diastole.?$ The ratio of mass thickness 
to left ventricular radius (t/r) was calculated by the for- 
mula: t/r = LVWTa/'5 LVID, where LVWTa repre- 
sents the average of the diastolic ventricular septal and 
left ventricular posterior wall thickness.!3 

Rest and exercise radionuclide ventriculography: 
The red blood cell pool was labeled with 30 mCi of 
technetium-99m. All studies were acquired in list mode 
with a zoom factor of 1.6 using a general all-purpose 
collimator and a small field-of-view gamma camera in- 
terfaced to a Medical Data System A? dedicated com- 
puter. Studies at rest were acquired for 10,000,000 
counts in the left anterior oblique angulation giving the 
best septal separation with the subject supine on the ex- 
ercise table. Supine bicycle exercise was started at a 
work load of 200 kpm/min and increased by 200 kpm/ 
min every 3 minutes. Blood pressure and the electrocar- 
diograms were monitored continuously and all subjects 
exercised to exhaustion. A gated blood pool scintigram 
was acquired during the last 2 minutes of peak exer- 
cise.” All subjects remained on the exercise table for 10 
minutes and a repeat 2-minute acquisition was per- 
formed to assess functional recovery.?8 

Image analysis: The raw list mode data for rest, ex- 
ercise and recovery was reformatted into 20-ms frames 
using forward-backward reconstruction, arrhythmia re- 
jection with a +10% window around the mean RR in- 
terval, and by dropping a single beat after a rejected 
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beat. The 20-ms frames were filtered in space and tin 
and subtracted from the background nonlinearly to is 
late the left ventricle. For each frame, the left ventric 
lar region was defined by an automated region of inte 
est program using a 45% threshold. Each frame w: 
visually inspected and manually modified if overlap « 
adjacent structures was noted. The variable regions gel 
erated for each frame were applied to the raw data an 
a time-activity curve generated. The curve was fitted 1 
a Fourier series with 4 harmonics. The first derivative « 
the fitted curve was used to define the peak ejectio 
time, peak ejection rate, peak filling time and peak fil 
ing rate. All times are expressed in milliseconds (m: 
and all rates as EDV/s. Peak filling time was measure 
from end systole to the peak filling rate. For studies : 
rest, the early peak ventricular filling rate was clearl 
separated from atrial filling in all subjects, but, at max 
mal exercise, early and atrial filling merged, and th 
exercise peak filling rate represents the single identif 
able peak filling rate. Regional wall motion was as 
sessed visually in the left anterior oblique view. 

Selenium and thiamine analysis: Blood samples fo 
analysis were drawn through an intravenous cathete 
before technetium-99m labeling of the red blood cel 
pool. The blood was allowed to clot at room tempera 
ture for 15 minutes and the clot separated from plasm: 
by centrifugation. The supernatant plasma was removet 
and the cell pellet was washed twice with normal saline 
Both were frozen at —70°C until analyzed. Quantifica 
tion of selenium was performed on lyophilized sample 
of the serum and red blood cells by neutron selenium 
77m activation.?? Thiamine levels were measured by thi 
erythrocyte transketolase method.?? 

Statistical analysis: Differences between paire 
variables were determined by 2-tailed 1 tests. A p value 
«0.05 was considered significant. All data are expressec 
as mean + | standard deviation. 


RESULTS 

Clinical characteristics: The average age was 34 + 4 
years (range 24 to 40) in the alcoholics and 34 + 4 
years (range 24 to 40) in the control subjects. The aver- 
age duration of alcohol consumption was 16 + 5 year: 
(range 5 to 29) and heavy consumption averaged 8 + 5 
years (range 5 to 20). Subjects were allowed to drink ur 
to the time of admission: 22 had their last drink within 
| week of admission and 9 consumed alcohol the day 
before testing. Twelve-lead electrocardiograms obtained 
at rest were normal in all alcoholics and control sub- 
jects. 

Exercise results: In both groups, exercise was termi- 
nated because of fatigue and there were no electrocar- 
diographic changes of ischemia. There were no differ- 
ences between groups at rest or peak exercise, except 
that alcoholics had a shorter exercise duration (12.1 + 
2.3 vs 14.6 + 3.4 minutes [p <0.01]) (Table I). 

Radionuclide ventriculography: SYSTOLIC FUNCTION: 
As shown in Figure 1, ejection fraction at rest, at peak 
exercise and the mean ejection fraction increase were 
similar. All control subjects appropriately augmented 
ejection fraction by 25 units, but 3 alcoholic subjects, 
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TABLE I Rest and Peak Exercise Characteristics for Control 
Subjects and Alcoholics 


Alcoholics 
(n = 25) 


14.6 + 3.4* 
6419 
12819 
8545 
149 + 22 
207 + 21 
9218 


12.131 2.3 
73414 
125 € 12 
86+ 10 
162 + 22 
206 + 19 
98412 


Exercise duration (min) 
Resting heart rate (beats /min) 
Resting systolic BP (mm Hg) 
Resting diastolic BP (mm Hg) 
Peak heart rate (beats /min) 
Peak systolic BP (mm Hg) 
Peak diastolic BP (mm Hg) 

* p «0.05. 


All values are mean + standard deviation. 
BP = blood pressure. 


aged 25, 35 and 37 years, had an abnormal response. 
Two had a decrease of 2 and 9 ejection fraction units, 
and 1 augmented his ejection fraction by only 1 unit. 
The resting ejection fraction in the abnormally respond- 
ing alcoholics was 74, 70 and 69, respectively, and they 
exercised for 211 minutes, augmented their blood pres- 
sure appropriately and did not experience chest pain or 
electrocardiographic changes of ischemia. None of these 
patients had regional wall motion abnormalities at rest 
or peak exercise. 

Ten minutes after termination of exercise, the ejec- 
tion fraction remained elevated in both groups. The 3 
patients with an abnormal exercise response had an 
ejection fraction in the recovery period equal to or high- 
er than the rest value. There were no differences in peak 
ejection time or rate at rest, peak exercise or recovery 
(Table II). 

DIASTOLIC FUNCTION: Diastolic function at rest, as as- 
sessed by the peak filling rate and time to peak filling, 
was similar in the alcoholics and control subjects (Table 
II). At peak exercise, both groups shortened the peak 
filling time and augmented the peak filling rate in a 
similar manner. During recovery there were no differ- 
ences between groups. 

Echocardiography: Control subjects had a larger 
body surface area, but there were no differences be- 
tween groups in cavity dimensions or wall thickness 
(Table III). Similarly, the greater left ventricular mass 
for control subjects was not statistically significant and 
reflects differences in body surface area. Fractional 
shortening and the t/r ratio did not differ between the 2 


groups. 
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Exercise Recovery 





FIGURE 1. Mean + standard deviation ejection fraction at 
rest, peak exercise and recovery for control subjects and alco- 
holics. There are no differences between groups, but ejection 
fraction failed to augment appropriately in 3 alcoholics be- 
tween rest and peak exercise. 


Selenium and thiamine levels: The mean serum sele- 
nium level in the alcoholic group was 133 + 24 yug/liter 
of serum with a minimum value of 90 ug/liter. Analysis 
of the selenium content of red blood cells showed values 
ranging from 140 to 290 ug/liter (mean 197 + 38). 
These serum and red blood cell selenium levels are nor- 
mal. Thiamine activity coefficient values averaged 1.05 
+ 0.05 units (range 1.00 to 1.16). Values 71.30 units 
are biochemical evidence of thiamine deficiency. 

Repeat studies after four-week abstinence: There 
were no changes in systolic or diastolic function values 
at rest, peak exercise or during the recovery period in 
comparison with admission values. At peak exercise 


TABLE Il Rest, Peak Exercise and Recovery Radionuclide Scintigraphic Parameters for Control Subjects and Alcoholics 


Rest 


Control* Alcoholict 


Ejection fraction 


Peak ejection time 
Peak ejection rate 
Peak filling time 
Peak filling rate 


*n=15. 
tn = 25. 
All values are mean + standard deviation: difference not significant. 
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Peak Exercise 


Control 





Recovery 


Alcoholic Control Alcoholic 
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TABLE Ill Echocardiographic Characteristics in Control 
Subjects and Alcoholics 


Control 
Subjects 


2.0 € 0.15* 
0.9 £ 0.1 
1.0+0.1 
2.6 € 0.2 
1.7 £02 
248 + 36 
123+ 16 
36+6 
0.39 + 0.05 


Alcoholics 


1.80.11 
0.90.1 
1.00.1 
2.7 +0.2 
1.7 +0.2 
225+ 54 
118+ 24 
3645 
0.38 + 0.06 


Body surface area (m?) 
Interventricular septal thickness (cm) 
Left ventricular thickness (cm) 


Left ventricular ED dimension (cm / m?) 
Left ventricular ES dimension (cm / m?) 
Mass (g) 

Mass (g/ m?) 

Fractional shortening (96) 

Thickness to radius ratio 


* p «0.05; difference not significant for all others. 
All values are mean x standard deviation. 
ED = end-diastolic; ES = end-systolic. 


there was a mean increase of 13 + 8 ejection fraction 
units. The 3 patients with an abnormal admission exer- 
cise ejection fraction response continued to have normal 
function at rest. Two of the 3 continued to have abnor- 
mal responses at peak exercise, 1 showing a 6-unit de- 
crease and 1 a 2-unit increase. The third patient nor- 
malized his response with a 10-unit ejection fraction in- 
crease at peak exercise. Repeat selenium and thiamine 
levels remained normal. 


DISCUSSION 

In a group of chronic alcoholics aged <40 years and 
carefully selected to exclude coronary artery disease and 
hypertension, preclinical alcoholic cardiomyopathy is 
rare. Systolic and diastolic left ventricular function and 
chamber size and wall thickness were normal at rest. 
During maximal supine bicycle exercise, abnormalities 
in systolic function were observed in 3 of 25 alcoholics; 
diastolic function was preserved. Although failure to 
augment ejection fraction at maximal exercise is consis- 
tent with coronary artery disease or myocardial dys- 
function, it has also been observed in healthy young vol- 
unteers.*’ Repeat testing after 4 weeks of abstinence 
from alcohol showed persistence of the exercise-induced 
abnormal response in 2 of the 3 abnormally responsive 
alcoholics. Serum and red blood cell levels of selenium 
and thiamine, 2 potential mediators of alcoholic cardio- 
myopathy, were within normal limits in all alcoholics. 
These results do not support the existence of a high oc- 
currence of preclinical alcoholic cardiomyopathy in 
young asymptomatic chronic alcoholics. 

Necropsy studies have looked for anatomic proof of 
a preclinical alcoholic cardiomyopathy by examining 
the hearts of chronic alcoholics free of clinical cardiac 
symptoms, hypertension or other forms of heart disease 
who died traumatic deaths.2> These studies showed 
that chronic excessive use of alcohol was associated with 
an increase in heart weight, myocyte damage, intersti- 
tial fibrosis and damage of small intracoronary arteries, 
but the occurrence of these findings varied widely. Be- 
cause the history of alcohol use and symptoms of con- 
gestive heart failure were obtained retrospectively in 
most cases, because patients were frequently elderly, 
and given the selection bias of necropsy patients, the 
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true occurrence of preclinical alcoholic cardiomyopathy 
cannot be determined from these studies. 

Given the histologic evidence for preclinical alcohol- 
ic cardiomyopathy, several groups have tried to identify 
it using systolic time interval measurements, echocardi- 
ography and radionuclide ventriculography. The find- 
ings have been inconclusive. 

Early studies using systolic time interval measure- 
ments at rest showed abnormalities in symptomatic and 
asymptomatic alcoholics, with the asymptomatic alco- 
holics on average having less severe changes." Patients 
in these studies were generally older. Subsequent studies 
have shown that gender and the quantity and type of 
alcohol consumed may influence results.8-!° 

M-mode echocardiography performed at rest has 
been used to measure chamber dimensions, wall thick- 
ness and indexes of contractility in chronic alcoholics 
without symptoms of congestive heart failure.!!-!6 In 
general, there was preservation of systolic function. 
Some asymptomatic alcoholics had an increase in total 
myocardial mass, wall thickness or chamber enlarge- 
ment. Because acute alcohol ingestion may cause eleva- 
tion of blood pressure, some of the observed echocardio- 
graphic abnormalities may be secondary to long-stand- 
ing intermittent hypertension. !5.!6 

Three studies have used radionuclide ventriculog- 
raphy to study chronic alcoholics free of cardiac symp- 
toms.'’-!? [n 2 studies, an abnormally low ejection frac- 
tion at rest was found in 6 of 46!? and in 13 of 18 sub- 
jects.'® A third study measured ejection fraction at rest 
and during bicycle exercise at 50% of maximal exercise 
capacity." There was an ejection fraction increase of 
6% in alcoholics and of 14% in control subjects. All 3 
studies enrolled older patients and failed to exclude 
asymptomatic coronary artery disease rigorously, which 
could explain some of the observed changes. Urbano- 
Marquez et al'? showed a weak inverse correlation (r = 
—0.46) between total alcohol consumption and ejection 
fraction. However, patients aged <59 years were en- 
rolled in this study, coronary artery disease was not ex- 
cluded, and the effect of age on this relation was not 
studied. Although it may be assumed that older alcohol- 
ics had a higher total alcohol consumption, it may also 
be possible that age alone increases sensitivity to the 
cardiomyopathic effects of alcohol independent of total 
alcohol consumption. 

Because there is a very strong correlation between 
selenium level and ejection fraction in symptomatic di- 
lated alcoholic cardiomyopathies,?!:2? selenium has been 
implicated as a possible mediator of preclinical alcoholic 
cardiomyopathy. Thiamine, or vitamin Be, has also been 
shown to be deficient in chronic alcoholics and is impli- 
cated in a high-output cardiomyopathy that may pro- 
gress to cardiac dilatation. Because serum levels of 
these compounds indicate recent intake and may be 
maintained at the expense of total body depletion, we 
measured levels in red blood cells, which are a better 
indicator of the long-term nutritional state. We were 
unable to document deficiencies in selenium or thiamine 
in either serum or red blood cells. The 3 alcoholics with 
an abnormal exercise response had normal levels. 





We studied a young group of chronic alcoholics, and 
it is possible that preclinical dysfunction would have 
been more apparent in an older group, or that, with con- 
tinued consumption of excessive quantities of alcohol by 
our subjects, a cardiomyopathy will develop. However, 
the increased likelihood of having coexisting coronary 
artery diseases in an older group would have potentially 
confounded our results. Moreover, despite the young 
age of our subjects, they had a substantial history of 
alcohol abuse, with a mean of 17 years of drinking and 
a mean of 7.6 years of heavy alcohol use. Sixteen sub- 
jects also had a history of binge drinking, during which 
they consumed larger quantities of alcohol than those 
required for entry eligibility, and 4 subjects had a histo- 
ry of withdrawal seizures. 
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Prognostic Value of Thallium-201 Perfusion 
Defects in Idiopathic Dilated Cardiomyopathy 


Yoshinori L. Doi, MD, Taishiro Chikamori, MD, Jun Takata, MD, Yoshihiro Yonezawa, MD, 
Jan D. Poloniecki, DPhil, Toshio Ozawa, MD, and William J. McKenna, MD 





To assess the prognostic significance of thallium- 
201 perfusion defects in patients with idiopathic di- 
lated cardiomyopathy (IDC), 43 patients underwent 
thallium scintigraphy in addition to clinical, echo- 
cardiographic, angiographic and hemodynamic 
evaluation. Eleven patients had no significant thalli- 
um perfusion abnormality, 19 had multiple small 
defects and 13 had a large defect. During 3.2 + 
2.2 years, 14 patients had disease-related mortali- 
ty. The patients who died had a higher incidence of 
ventricular tachycardia (71 vs 3196; p «0.02), in- 
creased cardiothoracic ratio (60 + 6 vs 54 + 696; p 
= 0.005), decreased fractional shortening (11 + 6 
vs 15 + 5%; p <0.05), increased pulmonary wedge 
pressure (15 + 7 vs 10 + 6 mm Hg; p = 0.05), in- 
creased left ventricular end-diastolic pressure (21 
+ 8 vs 14 + 6 mm Hg; p = 0.02) and abnormal 
thallium perfusion defects (13 of 14 vs 16 of 26; p 
«0.05) compared with survivors. Age, gender, left 
ventricular end-systolic and end-diastolic dimen- 
sions, cardiac index and ejection fraction were not 
statistically different in the survivors versus the pa- 
tients who died. Kaplan-Meier survival estimates at 
1, 3 and 5 years were 100% in patients without 
significant perfusion abnormality; 89, 77 and 64%, 
respectively, in patients with multiple small defects; 
and 84, 76 and 30%, respectively, in patients with 
a large defect (p «0.025 by log rank test). Step- 
wise discriminant analysis revealed that the combi- 
nation of increased cardiothoracic ratio, increased 
left ventricular end-diastolic pressure, decreased 
posterior wall thickness and ventricular tachycardia 
was the best (p = 0.002) predictor of disease-relat- 
ed mortality (sensitivity 91%, specificity 88%, ac- 
curacy 89%, positive predictive value 77%). These 
results indicate that thallium-201 perfusion defects 
in patients with IDC are associated with a poor 
prognosis, but do not add to the prognostic value of 
conventional measurements. 

(Am J Cardiol 1991;67:188-193) 
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ized by impaired left ventricular systolic perfor- 

mance. The natural history is of progressive deterio- 
ration complicated by systemic thromboembolism and 
sudden death.' Predicting which patients will deterio- 
rate remains problematic.^-!? This study evaluates the 
prognostic value of thallium-201 perfusion defects com- 
pared to conventional evaluation in IDC patients. 


[s dilated cardiomyopathy (IDC) is character- 


METHODS 

Study patients: Forty-three consecutive patients 
with IDC (33 men and 10 women, aged 29 to 70 years 
[mean 56]) referred to Kochi Medical School were 
studied. Diagnostic criteria were: (1) a dilated left ven- 
tricle with ejection fraction «5096 at biplane left ven- 
triculogram, and (2) exclusion of patients with specific 
heart muscle disease, general systemic disease, sensitiv- 
ity/toxic reactions, and heredofamilial disorders.!6.!? 
Thirty-nine patients (9176) underwent coronary angiog- 
raphy; none had significant coronary artery disease (de- 
fined as diameter narrowing of >50% in any 1 of the 
major coronary arteries or their branches). The remain- 
ing 4 patients who did not undergo angiography had no 
clinical or electrocardiographic (at rest or during exer- 
cise) evidence of coronary artery disease. Two of these 4 
were autopsied and had no significant coronary narrow- 
ing. The presenting symptom at the time of diagnosis 
was dyspnea in 36, syncope in 2, thromboembolism in 1 
and atypical chest pain in 4 patients. Dyspnea was New 
York Heart Association functional class grade II in 23, 
grade III in 11 and grade IV in 9. The time from onset 
of symptoms to diagnosis was <1 month in 6, >l 
month and <1 year in 14, >l year and X3 years in 7, 
and >3 years in 16. Radiographic pulmonary edema 
was demonstrated in 25 patients. Nine were in estab- 
lished atrial fibrillation; clinically significant thrombo- 
embolic events were documented in 4. 

Thallium-201 myocardial scintigraphy: Dipyrida- 
mole-loading myocardial scintigraphy was performed in 
41 patients, according to Gould's method,!*.!? with infu- 
sion of 0.568 mg/kg dipyridamole and 3 minutes’ walk- 
ing in place. Three mCi of thallium-201 chloride was 
injected during exercise, and acquisition of 3 projection 
images (anterior, 45° left anterior oblique, 70° left an- 
terior oblique) was begun within 5 minutes of injection 
with a gamma camera equipped with a high-resolution 
collimator (Toshiba GCA401-5). Data were acquired 
with 5 minutes’ preset time and stored in a computer 
(Toshiba GMS-55A) for subsequent analysis. Identical 
delayed images were acquired 3 hours later. Scintigra- 


phy was performed in the 2 remaining patients at rest 
and during exercise. Data were analyzed with a circum- 
ferential profile curve, after smoothing and background 
subtraction of images,2° and findings were interpreted 
by 2 observers who were unaware of the angiographic 
and echocardiographic results. Defects were classified 
as reversible or fixed, according to conventional meth- 
od.?! Fixed defects were classified into 3 groups: no de- 
fects or only 1 defect smaller than 1 segment, multiple 
small defects, a large defect greater than 1 segment 
with or without multiple small defects (Figure 1). Size 
of a segment was defined as the section of the arc of the 
planar image corresponding to 60? at the apical seg- 
ment and as that corresponding to 90? at the anterolat- 
eral, anteroseptal, septal, inferior, inferoposterior and 
posterolateral segments. Small apical perfusion defects 
may be seen in normal subjects? and, when present in 
isolation, were not considered abnormal. 

Echocardiography: Echocardiography was per- 
formed by 1 of the authors using a Toshiba SSH-65A 
or an Aloka SSD-710 with 2.5- to 3.75-MHz transduc- 
ers. M-mode and 2-dimensional echocardiography were 
performed during initial evaluation and after 1-year fol- 
low-up. Conventional measurements of left ventricular 
dimensions and of derived indexes of function were 
made according to standard criteria. 

Ambulatory electrocardiography: Twenty-four-hour 
ambulatory electrocardiographic monitoring was per- 
formed in 25 patients who were not receiving any anti- 
arrhythmic medications; 7 of them had nonsustained 
ventricular tachycardia, which was defined as 23 con- 
secutive ventricular premature complexes at a mean 
rate of >120 beats/min. In the remaining 18 patients, 
nonsustained ventricular arrhythmia was documented 
before referral and antiarrhythmic therapy had begun. 
At the time of electrocardiographic monitoring in our 
institution, therefore, they were receiving mexiletine 


small defect, 
solitary 


FIGURE 1. Classification of scintigraphic 
findings according to pattern of perfusion 
defects. All images are 45° left anterior 
oblique views. 
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large defect 
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(10), disopyramide (4) and procainamide (4); 12 of the 
18 had nonsustained ventricular tachycardia. 

Cardiac catheterization: Left-sided cardiac catheter- 
ization and coronary angiography were performed in 39 
patients. Biplane contrast cineangiogram was performed 
in the 30? right anterior oblique and in the 60? left 
anterior oblique views with 20? cranial tilt. Biplane left 
ventriculography and coronary angiography were re- 
corded on 35 mm cine film at 30 frames/s. With the 
use of the standard area-length method, end-diastolic 
volume, end-systolic volume and ejection fraction were 
calculated on an OSCON Angiogram Analyzer System 
from traced silhouettes of the left ventriculogram in the 
right anterior oblique projection. Right-sided cardiac 
catheterization was performed in 35 patients. Right 
ventricular endomyocardial biopsy was performed in 7 
patients in whom specific heart muscle disease had been 
suspected. 

Follow-up: The follow-up period was defined as the 
time from cardiac catheterization or initial evaluation in 
our institution until death or November 1989. Follow- 
up included monthly evaluation by a cardiologist at Ko- 
chi Medical School. Medications at the time of dis- 
charge after initial evaluation were diuretics in 37, digi- 
talis in 35, vasodilators in 23 and antiarrhythmic drugs 
in 27 (mexiletine in 18, disopyramide in 9, procain- 
amide in 4). Patient deaths were classified as (1) sud- 
den, if deterioration and death occurred within 1 hour 
of the onset of symptoms in a patient whose heart fail- 
ure symptoms had remained stable or had improved 
over the previous 2 to 4 weeks; (2) heart failure, if the 
patient deteriorated progressively and died with a termi- 
nal clinical picture of pulmonary edema or cardiogenic 
shock, or both; or (3) noncardiac causes. Follow-up to 
death or November 1989 was completed in 42 patients. 
One patient moved from the area and was lost to follow- 
up after 51 months. 


only one defect smaller than one segment, 


(or no defect) 


multiple small defects, 


or patchy defects 


defect larger than one segment, 


with or without patchy defects 
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Statistical analysis: Results are expressed as mean 
+ 1 standard deviation. Student's ż test was used to 
compare the means of the continuous variables, and 
contingency tables were analyzed using a chi-square 
test. A paired ft test was used to compare the changes in 
echocardiographic measurements. Survival estimates 
were obtained by the Kaplan-Meier method. Linear dis- 
criminant analysis, with stepwise variable selection, with 
Wilks’ Lambda as the selection and optimization crite- 
rion, was used to assess the potential to predict progno- 
sis. A Bayes rule with equal prior probability was used 
for the predictions, and results are presented as sensitiv- 
ity, specificity, accuracy and positive predictive value. 
Statistics were computed with SPSS-PC+ and SAS 
software programs. 


RESULTS 

Prognosis after follow-up: During 3.2 + 2.2 years, 
14 patients died: 9 from heart failure, 3 suddenly, and 2 
of noncardiac causes. Twelve deaths occurred during 
hospital admission; 2 patients died suddenly at home. 
Another patient collapsed while playing golf; sustained 
monomorphic ventricular tachycardia and pulmonary 
edema were documented. An additional patient col- 
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lapsed with ventricular fibrillation while walking in the 
hospital. The 2 noncardiac deaths were from malignan- 
cy and from infection complicated by disopyramide-in- 
duced agranulocytosis. Of the 28 survivors, 25 were in 
New York Heart Association functional class I or II 
and 3 were in class III at the time of last follow- 
up. Repeat echocardiography was performed within 1 
month before death in 8 patients who died from heart 
failure and within 1 year in 24 survivors and in 2 pa- 
tients who died suddenly. End-diastolic dimension, end- 
systolic dimension and fractional shortening did not 
change in the 12 patients who had disease-related mor- 
tality, but these 3 indexes improved significantly in the 
survivors (Figures 2, 3 and 4). 

Univariate analyses of scintigraphic classification 
and prognosis: No reversible defects were observed. 
Among fixed defects, no defects or a small defect was 
found in 11, multiple small defects were found in 19 
and a large defect was found in 13. Patients with multi- 
ple small defects or a large defect had an increased car- 
diothoracic ratio and echocardiographic left ventricular 
end-systolic dimension, decreased fractional shortening, 
higher left ventricular end-diastolic pressure and de- 
creased ejection fraction (Table I). 


Cardiac Death 


FIGURE 2. Changes in left ventricular 
end-diastolic dimension (LVED) from ini- 
tial to repeat echocardiographic study. Re- 
peat study was performed within 1 month 
before death in 8 patients who died from 
heart failure (HFD) and within 1 year in 
24 survivors, including 1 patient with ven- 
tricular fibrillation (VF) and 1 patient with 
ventricular tachycardia (VT) with acute 
pulmonary edema, and in 2 patients who 
died suddenly (SD). NS = not significant. 
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Cardiac Death 


FIGURE 3. Changes in left ventricular 
end-systolic dimension (LVES) from initial 


to repeat echocardiographic study. Abbre- 
viations as in Figure 2. 
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TABLE I Clinical and Investigational Findings in Relation to 
Scintigraphic Classification 


Multiple 
NoLesion Small Defects Large Defect 
(n7 11) (n= 13) 


Age (yr) 

Sex (M:F) 

Dyspnea (%)* 

Syncope (%) 23 

Atrial fibrillation (%) 8** 

VT during 24-hour ECG (%) 62 

Cardiothoracic ratio (%) 60 + 6*** 

Echocardiography 
Thickness of IVS (mm) 1042 
Thickness of LVPW (mm) 111 
LVED dimension (mm) 6545 
LVES dimension (mm) 59+ 6! 
Fractional shortening (%) 10+ 5? 

Hemodynamics (n = 39) 
PCW (mm Hg) 1548 
CI (liters / min / m?) 2.2 +0.75 
LVEDP (mm Hg) 2148! 
LVEF (96) . 24 X 9* 


tachycardia. 


Patients who died had a higher incidence of ventric- 
ular tachycardia, increased cardiothoracic ratio, de- 
creased fractional shortening, elevated pulmonary 
wedge and left ventricular end-diastolic pressures and 
abnormal thallium-201 perfusion defects compared with 
survivors. Age, sex, left ventricular echo dimensions, left 
ventricular ejection fraction and cardiac index were not 
different in the survivors versus patients who died (Ta- 
ble II). Kaplan-Meier survival estimates according to 
the scintigraphic classification provided 1-, 3-and 5-year 
survival rates of 100, 100 and 100%, respectively, in pa- 
tients without a significant lesion; 89, 77 and 64% in 
those with multiple small defects, respectively, and 84, 


Survivors 


FIGURE 4. Changes in fractional shorten- 
ing (FS) from initial to repeat echocardio- 
graphic study. Abbreviations as in Figure 
2. 
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TABLE ll Clinical and Investigational Findings in Relation to 
Prognosis 


Alive Dead* 
(n = 26) (n= 14) 


Age (yr) 
Sex (M:F) 
Dyspnea (%)** 
Syncope (%) 
Atrial fibrillation (%) 
VT during 24-hour ECG (%) 
Cardiothoracic ratio (%) 
Echocardiography 

Thickness of IVS (mm) 

Thickness of LVPW (mm) 

LVED dimension (mm) 

LVES dimension (mm) 

Fractional shortening (%) 
Hemodynamics (n = 36) 

PCW (mm Hg) 

Cl (liters / min / m?) 

LVEDP (mm Hg) 

LVEF (96) 
Thallium-201 perfusion defects (76) 

No lesion 

Multiple small defects 

Large defect 
* Two patients, 1 with ventricular fibrillation and 1 with sustained ventricular tachy- 

cardia with acute pulmonary edema, are included. 

ves D P O02. New York Heart Association functional class III or IV. 


t p = 0.005; * p < 0.05; 5 p = 0.05; ! p = 0.02; * Group I vs Il and IIl; p < 0.05. 
Abbreviations as in Table I. 





76 and 3096 in patients with a large defect, respectively 
(Figure 5). 

Multivariate analysis of survival: The following 15 
variables were considered potential predictors for death 
during follow-up and were entered into a stepwise dis- 
criminant analysis: sex, age, dyspnea grade, syn- 
cope, cardiothoracic ratio, atrial fibrillation, ventricular 
tachycardia, interventricular septal wall thickness, pat- 
tern of thallium-201 perfusion defects, left ventricular 
posterior wall thickness, end-diastolic and end-systolic 
dimension, fractional shortening, end-diastolic pressure 
and ejection fraction. Seven patients were excluded 
from this analysis: in 4 there were no hemodynamic 


Cardiac Death 


p*NS 


Initial Study Repeat Study 





A VT/VF 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 15,1991 191 


IF E IET TE Fi "aie Wit EUR Je TE z rd - 
aina aane T onere ur me vo RET ee UC SURE 
E PO Pe diee Sdn ` pw aC CI ANEN 


| "4s E 7 LET 38 EXISX RS bade TI NEL 
Dom Seer ee ee NPUmpem memo n eT 


SLT Ee NEP EDEN ROI mpm 





— ———————— Án LL 0 UEM 


Survival Rate (%) 





p*0.025 by Logrank Test 


FIGURE 5. Kaplan-Meier survival estimates according to pat- 
tern of thallium-201 perfusion defects. All 43 patients were 
included in the analysis, but 3 patients, 1 lost from follow-up 
and 2 who died of noncardiac causes, were analyzed as alive 
until the last follow-up. LD = large defect; MSD = multiple 
small defects; NL — no significant lesion. 


data; 2 died from noncardiac causes and 1 was lost to 
follow-up. Multivariate analysis in 36 patients revealed 
that the combination of increased cardiothoracic 
ratio, elevated left ventricular end-diastolic pressure, de- 
creased left ventricular posterior wall thickness and ven- 
tricular tachycardia was the best (p = 0.002) predictor 
of death (sensitivity 91%, specificity 88%, accuracy 
89%, positive predictive value 77%). When the analysis 
was repeated using only the cardiothoracic ratio and left 
ventricular end-diastolic pressure, the predictability was 
similar (sensitivity 82%, specificity 88%, accuracy 86%, 
positive predictive value 75%). 


DISCUSSION 

The prognosis for patients with IDC is poor.':25:2 In 
this study 14 patients had disease-related mortality dur- 
ing 3-year follow-up. The survival rate of 65% is consis- 
tent with previous reports.?5!0.11-14 Most of these 
deaths occurred in the hospital from pulmonary edema 
or cardiogenic shock, or both. In the majority of studies 
on prognosis in IDC, systematic characterization of the 
mode of death has not been reported or different defini- 
tions of death have been used, or both.?-57-9.11-13 The 
incidence of in-hospital heart failure death, however, 
appears higher than in previous reports, in which sud- 
den death was noted more often.!^?* This apparent dif- 
ference in mode of death may relate to the extremely 
close follow-up that these patients received. In this 
study 1 patient was resuscitated from ventricular fibril- 
lation and another from sustained ventricular tachycar- 
dia with acute pulmonary edema, but in the 3 sudden 
deaths the mechanism remains speculative. Although 
ventricular tachycardia and ventricular fibrillation have 
been considered common causes of sudden death, it ap- 
pears that bradycardia or electromechanical dissocia- 
tion may be more common causes of cardiac arrest in 
patients with IDC.25 

Two of 8 patients who died from heart failure had 
improvement in fractional shortening and 1 of the 2 also 
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showed reduction of left ventricular cavity dimension 
the remaining 6, however, had changes that were withir 
the recognized variability of these measurements. One 
of the 2 patients who died suddenly and the patient whc 
had experienced spontaneous in-hospital ventricular fi- 
brillation showed improvement in fractional shortening 
and left ventricular cavity dimension (Figures 2 to 4). 
Although 20 to 40% of patients will show a striking im- 
provement or stabilization,?!.!? this does not eliminate 
the risk of cardiac death. Many survivors in this study 
had improved cardiac function; however, long-term 
prognoses have yet to be established. 

Several patterns of thallium-201 perfusion defects 
have been reported in patients with IDC.2627 In this 
study reversible defects were not seen. A large defect or 
multiple small fixed defects, or both, were frequent and 
were associated with worse cardiac function. Previous 
studies have attempted to predict prognosis in IDC pa- 
tients, using clinical, radiologic, angiographic, hemody- 
namic and histopathologic parameters, but few report 
using thallium-201 scintigraphy.?-!5 Three-year survival 
was 100% in patients without significant thallium-201 
perfusion defects but decreased to 77 and 7696 in those 
with multiple small defects and with a large defect, re- 
spectively. Because advanced thallium-201 perfusion 
defects were associated with worse cardiac perfor- 
mance, a poorer prognosis in patients with advanced 
perfusion defects might have been expected. Multivari- 
ate analysis, however, yielded high predictability of dis- 
ease-related mortality (sensitivity 82%, specificity 88%) 
using only 2 variables, the cardiothoracic ratio and end- 
diastolic pressure. The overall predictability of prognosis 
in IDC patients, using different statistical models in 
multivariate analysis and different variables, is high, 
with the correct prediction of outcome (accuracy) of 77 
to 8890.55.15:4 Our results concur with reports that sug- 
gest that the collection of conventional data should al- 
low accurate prediction of 1- to 4-year mortality in IDC 
patients. The findings of thallium-201 myocardial scin- 
tigraphy, however, did not provide additional predictive 
value over conventional evaluation. 
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CONGENITAL HEART DISEASE 


Usefulness of Color-Flow Doppler in Diagnosing 
and in Differentiating Supracristal Ventricular 
Septal Defect from Right Ventricular 
Outflow Tract Obstruction 


Achi Ludomirsky, MD, Lloyd Tani, MD, Daniel J. Murphy, MD, and James C. Huhta, MD 





Color-flow Doppler is used for special localization 
of cardiac flows. The transeptal jet in supracristal 
ventricular septal defect (VSD) is directed toward 
the pulmonary valve and is often difficult to distin- 
guish from the right ventricular (RV) outflow tract 
flow. Pulsed- and continuous-wave Doppler can 
misread the VSD jet as a stenotic lesion in the RV 
outflow tract. This study describes the color-flow 
Doppler characteristics of supracristal VSD and de- 
termines if color-flow Doppler can differentiate su- 
pracristal VSD jets from RV outflow tract flow. The 
study group comprised 28 patients ranging in age 
from 3 days to 23 years (mean 6.4), with catheter- 
diagnosed supracristal VSD in 14, isolated pulmo- 
nary valve stenosis in 10 and RV infundibular ob- 
struction in 4. The echocardiographic Doppler and 
color-flow Doppler data of all patients were re- 
viewed without knowledge of catheterization diag- 
nosis. In all patients with supracristal VSD, color- 
flow Doppler revealed an abnormal transeptal jet 
directed toward the pulmonary valve that occurred 
5 to 10 ms before RV outflow tract flow was identi- 
fied. VSD and RV outflow tract jet could be differ- 
entiated by pulsed- and continuous-wave Doppler 
alone in 10 of 14 patients (7196). In 4 patients, dif- 
ferentiation was possible only with color-flow 
Doppler and electrocardiographic gating. Associ- 
ated aortic regurgitation, or a fistula, or both, were 
detected in 6 patients. Pulsed- and continuous- 
wave Doppler with or without color-flow Doppler 
correctly identified the level of obstruction in all pa- 
tients with RV outflow tract lesions (14 of 14). Su- 
pracristal VSD jet occurs in early systole and is di- 
rected toward the pulmonary valve. Color-flow 
Doppler is essential for the localization, assessment 
and accurate echocardiographic differentiation of 
transeptal jet from RV outflow tract flow in neo- 
nates and infants with supracristal VSD. 

(Am J Cardiol 1991;67:194-198) 
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are complementary methods for noninvasive ana 
tomic and hemodynamic evaluation of ventricu 
lar septal defect (VSD). Although isolated supracristz 
VSD is an uncommon malformation, comprising ar 
proximately 5% of isolated VSDs, it is an importar 
anomaly to diagnose early, because it results in progres 
sively severe aortic regurgitation and perhaps greate 
susceptibility to infective endocarditis.!-? Associated ab 
normalities of the aortic valve, including dilatation o 
the sinuses of Valsalva, prolapse of the right and lef 
coronary cusps, and fistulas, have all been reported.+* 
Two-dimensional echocardiography can usually de 
tect the location and size of a VSD, and hemodynami: 
evaluation is possible with pulsed and continuous Dopp 
ler echocardiography."? However, the VSD jet in a su 
pracristal VSD is directed toward the right ventricula 
(RV) outflow tract and the pulmonary valve; thus 
quantitation of the VSD gradient (left ventricular t 
RV) could be misdiagnosed as pulmonary valve or R\ 
outflow tract obstruction. Color Doppler is a reliabl 
and helpful modality for the spatial location and char 
acterization of normal and abnormal intra- and extra: 
cardiac jets.'° We report here our experience with coloi 
Doppler echocardiography in the noninvasive diagnosi: 
of supracristal VSD. This study was also performed tc 
determine if color Doppler can be used to differentiate 
between supracristal VSD and RV outflow tract ob- 
struction. 


[memes and Doppler echocardiograph 


METHODS 

The study group comprised 28 consecutive patients, 
ranging in age from 3 days to 23 years, with catheter- 
diagnosed of supracristal VSD (n = 14) (Table I) or 
RV outflow tract obstruction (n = 14) (Table II). Com- 
plete 2-dimensional echocardiography, Doppler and col- 
or-flow Doppler studies were performed with mechani- 
cal or phased-array sector scanners, or both, using 3-, 
5- and 7.5-MHz probes (Aloka 880 and CFM 700 
Vingmed Interspec Systems). Patients were studied in 
the supine position and left later 30? decubitus position. 
The tomographic views that were obtained included 
long- and short-axis parasternal views, apical 4-cham- 
ber views and subcostal short-axis and 4-chamber views. 
Electrocardiographic gating was used to differentiate 
between systolic and diastolic events, and to time the 
flows through the cardiac cycle. The initial echocar- 
diographic examination was performed before cardiac 
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TABLE I Catheterization and Doppler Data of 14 Patients with Supracristal Ventricular Septal Defect (VSD) 


VSD Gradient 
Gender Cath (mm Hg) 


VSD Gradient Associated 
Doppler* (mm Hg) Lesions 


3 days! 
2 mos.t 
6 mos.! 
1.5 yrs.! 
3 yrs. 
3.5 yrs. 
4 yrs. 
5.1 yrs. 
6.2 yrs. 
7.1 yrs. 
8.3 yrs. 
9.2 yrs. 
10.3 yrs. 
11.3 yrs. 
* Ventricular septal defect gradient, using modified Bernoulli equation (P; — P2 = 4Vmax?). 


t Color-flow Doppler essential for separation of supracristal ventricular septal defect from right ventricular outflow tract flow. 
AR = aortic regurgitation; C of A = coarctation of aorta; Cath = catheterization. 
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TABLE Il Catheterization and Doppler Data of 14 Patients with Right Ventricular Outflow Tract Obstruction 


Location of 
RV Outflow 
Gender Obstruction 


RVOT Gradient 
Cath (mm Hg) 


RVOT Gradient 
Doppler* (mm Hg) 


Pulmonary valve 
Pulmonary valve 
Pulmonary valve 
Infundibulum 

Infundibulum 

Pulmonary valve 
Pulmonary valve 
Pulmonary valve 
Pulmonary valve 
Pulmonary valve 
Infundibulum 

Infundibulum 

Pulmonary valve 
Pulmonary valve 
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* Right ventricular outflow tract gradient, using the modified Bernoulli equation, (P; — P; = 4Vmax?). 


Cath = catheterization; RV = right ventricular; RVOT = right ventricular outflow tract. 


catheterization. All studies were reviewed after cardiac 
catheterization by an independent observer blinded to 
the diagnosis. 


RESULTS 

Cardiac catheterization: All patients underwent car- 
diac catheterization. Fourteen patients had a supracris- 
tal VSD. Mild prolapse of the right coronary cusp into 
the RV outflow tract associated with mild aortic regur- 
gitation was noted in 6 patients. In 1 patient, flow from 
right sinus of Valsalva through right ventricle fistula 
was demonstrated; mild coarctation of the aorta was de- 
tected in another child. 

Fourteen patients had various types of RV outflow 
tract obstruction proved by angiography and hemody- 
namic measurements: 10 patients had isolated pulmo- 
nary valve stenosis, and 4 had RV infundibular stenosis. 

Two-dimensional echocardiography: vENTRICULAR 
SEPTAL DEFECT: The location of the VSD was correctly 
identified in all 14 patients. The supracristal VSD ap- 
peared as a dropout under the pulmonary valve in the 





parasternal and subcostal short-axis views. In 6 patients 
with aortic regurgitation, prolapse of the right coronary 
cusp toward the RV outflow tract was demonstrated. 
The best views for detection of aortic cusp prolapse 
were parasternal long- and short-axis views, as well as 
the apical 2-chamber window. Suprasternal notch imag- 
ing revealed coarctation of the aorta in 1 patient. 

RIGHT VENTRICULAR OUTFLOW TRACT OBSTRUCTION: 
Thickened and domed pulmonary valve cusps were 
demonstrated in all patients with pulmonary valve ste- 
nosis, as well as poststenotic dilation of the main pulmo- 
nary artery. High parasternal short-axis scan at the lev- 
el of the RV outflow tract showed infundibular hyper- 
trophy and stenosis in 4 patients. The pulmonary valve, 
pulmonary trunk, and right and left pulmonary arteries 
were normal in these 4 cases. 

Pulsed-wave Doppler echocardiography: Pulsed 
Doppler examination was performed along the ventricu- 
lar septal and RV outflow tract in all patients. In pa- 
tients with supracristal VSD, the sample volume was 
placed as close as possible to the defect. Turbulence and 
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abnormal flow were recorded in all patients. In 1 pa- 
tient with sinus of Valsalva to RV fistula, continuous 
flow was detected through systole and diastole. In the 4 
youngest patients, «1.5 years, it was not possible to sep- 
arate the RV outflow tract jet from the VSD jet be- 
cause of the close location, and further evaluation, as- 
sisted by color-flow Doppler, was necessary. Aortic re- 
gurgitation was detected in 6 patients; typical Doppler 
tracing of coarctation of the aorta was seen in 1. 

Pulsed-wave Doppler identified the level of obstruc- 
tion in all patients with RV outflow tract stenotic le- 
sions. High-velocity aliased signal was detected at the 
site of the obstruction, confirming the 2-dimensional 
imaging diagnosis. 

Continuous-wave Doppler: Continuous-wave Dopp- 
ler directed by color-flow mapping revealed a high ve- 
locity jet (23.2 m/s) across the ventricular septum in 
all patients with supracristal VSD. In the 4 youngest 
patients, the separation of VSD and RV outflow tract 
jet was possible only with the spatial guidance of the 
color Doppler. Continuous flow throughout the cardiac 
cycle was detected when the continuous-wave Doppler 
beam was aligned with the color display of the flow in 
the fistula between the sinus of Valsalva and the right 
ventricle. Pressure gradient estimation across the coarc- 
tation site was possible by continuous-wave Doppler. 





FIGURE 1. Two-dimensional echocardiographic image (upper 
panel) and color-flow display (lower panel) from the paraster- 
nal short-axis view. Note dropout in the ventricular septum at 
1 o'clock (arrow) and the transeptal jet directed toward the 
RV outflow tract and the pulmonary valve into the main pul- 
monary artery on the color-flow display. AO = aorta; ECG trig 
= electrocardiographic triggering; MPA = main pulmonary ar- 
tery; RV = right ventricle. 
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In patients with RV outflow tract obstruction, con- 
tinuous-wave Doppler enabled the measurements of 
pressure gradient across the stenotic region using the 
modified Bernoulli equation. Continuous-wave Doppler, 
directed by color-flow mapping simplified the examina- 
tion and allowed better alignment of the Doppler beam 
with the jet. 

Color-flow Doppler evaluation: Color-flow Doppler 
mapping detected a turbulent flow across the VSD di- 
rected toward the RV outflow tract in all patients with 
supracristal VSD (Figure 1). In the parasternal short- 
axis view, the jet was directed toward the pulmonary 
valve and combined with the RV outflow tract flow in 
early systole. The electrocardiographic gated mode was 
used in order to separate the VSD and the RV outflow 
tract jets. The gated intervals ranged from 5 to 10 ms, 
depending on the color frame rate. In all patients, the 
transeptal shunting occurred 5 to 10 ms before RV out- 





FIGURE 2. Two-dimensional echocardiographic and color-flow 
displays of supracristal ventricular septal defect from para- 
sternal short-axis view. Upper panel, with electrocardio- 
graphic triggering the ventricular septal defect jet is shown 
early in systole (open arrow). Lower panel, 10 ms later the 
ventricular septal defect jet is combined with the normal right 
ventricular outflow tract flow. AO = aorta; HR = heart rate; 
PA = pulmonary artery. 





flow tract flow was identified. In the 4 infants, this sep- 
aration was possible with the electrocardiographic gated 
mode (Figure 2). 

The VSD jet in all patients had a turbulent charac- 
teristic that lasted throughout systole. As it reached the 
RV outflow tract area, the jet was combined with the 
pulmonary flow. In the parasternal long-axis view, the 
jet was easily identified as a red or green (mosaic) flow 
toward the transducer from the left to right side during 
systole. In the patient with sinus of Valsalva to RV fis- 
tula, a mosaic spot, indicating turbulent flow, was seen 
in the origin of the fistula throughout the cardiac cycle. 
Systolic and diastolic gating mode revealed flow from 
the sinus of Valsalva to the right ventricle during these 
periods. The diastolic jet of aortic regurgitation was de- 
tected in 6 patients. High-velocity and turbulent flow 
was seen across the coarctation site with the supraster- 
nal view. 

Color-flow mapping identified the location of the 
RV outflow tract obstruction in all patients. Accelera- 
tion was depicted proximal to the site of obstruction, 
and aliasing occurred beneath the pulmonary valve or 
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FIGURE 3. Two-dimensional echocardiographic display from 
the parasternal short-axis view of a patient with pulmonary 
valve stenosis (upper panel). Note the thickened and domed 
pulmonary valve (closed arrow). In the color-flow Doppler dis- 
play (lower panel), proximal acceleration depicted by red is 
seen proximal to the pulmonary valve, followed by a turbulent 
jet (mosaic pattern) across the pulmonary valve into the main 
pulmonary artery. MPA = main pulmonary artery; RV = right 
ventricle. 
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the infundibulum. A turbulent jet was then demon- 
strated distal to the obstruction (Figures 3 and 4). 


DISCUSSION 

Approximately 5% of VSDs are located high in the 
RV outflow tract between the crista supraventricularis 
and the pulmonic valve, superiorly.'' These defects are 
termed supracristal or, alternatively, subpulmonic septal 
defects. These lesions are of particular importance be- 
cause of the unusually high incidence of associated 
anomalies particularly involving the aortic valve. Aortic 
regurgitation, balloon-like dilatation of the right coro- 
nary sinus of Valsalva, prolapse of the right coronary 
cusp and, rarely, the left coronary cusp into the RV in- 
fundibulum and right coronary sinus of Valsalva to an 
RV fistula have all been reported to be associated with 
the supracristal VSD.'* An early diagnosis and manage- 
ment of this lesion might preserve the aortic valve.!? 

Color-flow Doppler: The location of a supracristal 
VSD beneath the pulmonary valve with flow toward the 
RV outflow tract can be misdiagnosed as RV tract ob- 





FIGURE 4. Infundibular pulmonary stenosis from the subcos- 
tal short-axis view. Upper panel, thickened infundibular area 
on the 2-dimensional echocardiographic display. Lower panel, 
on color-flow Doppler display, a turbulent jet (mosaic pattern) 
originating from the infundibular area is clearly seen in the 
right ventricle (open arrow). LV = left ventricle; PA = pulmo- 
nary artery; RV - right ventricle. 
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struction. In the 4 youngest infants described earlier, it 
was possible to separate the RV outflow flow from the 
supracristal VSD flow only with color-flow mapping. A 
careful electrocardiographic gating mode was used in 
order to separate these 2 systolic jets and to character- 
ize the timing of events throughout the cardiac cycle. 
The VSD jet appeared earlier than the RV outflow 
tract flow. The separation of these jets enabled us to 
align the continuous-wave beam with each of them, in 
order to evaluate the left ventricular to RV pressure 
gradient. Associated lesions, such as aortic regurgita- 
tion, fistulas and coarctation of the aorta, were easily 
detected and evaluated by color-flow and continuous- 
wave Doppler.!^ 

Differential diagnosis: The echocardiographic dif- 
ferential diagnosis of turbulence in the RV outflow tract 
should include supracristal VSD, pulmonary valve ste- 
nosis and subpulmonic infundibular stenosis. Color-flow 
Doppler is a reliable and helpful tool for spatial local- 
ization of normal and pathologic jets in the RV outflow 
tract. 

In pulmonary valve stenosis, the jet is directed from 
the RV outflow tract to the main pulmonary artery. A 
green mosaic display occurs only at the level of the 
valve cusps, indicating that high velocity and turbulence 
is present in this area. In infundibular pulmonary steno- 
sis, the jet acceleration and turbulence depicted by color 
Doppler is found proximal to the pulmonary valve in the 
region of the hyperdynamic infundibulum. 
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In a direct comparative trial, Eminase and tPA have been 
shown equally effective at opening coronary arteries." 


And although direct comparisons regarding reocclusion 
rates do not exist, the low incidence of reocclusion 
documented with Eminase is an indication of the 
effectiveness of its prolonged fibrinolytic action. 


This activity helps ensure that thrombolysis continues 
during the critical time when reocclusion of the artery is 
most likely to occur. 


And that is significant when you consider what reocclusion 
can do to your patient’s cardiac condition and function. 
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INDICATIONS AND USAGE: EMINASE? ANISTREP- 
LASE, is indicated for use in the management 

of acute myocardial infarction (AMI) in adults, 
for the lysis of thrombi obstructing coronary 

arteries, the reduction of infarct size, the im- 
provement of ventricular function following 

AMI, and the reduction of mortality associated 

with AMI. Treatment should be initiated as soon 

as possible after the onset of AMI symptoms 

(see CLINICAL PHARMACOLOGY). 


CONTRAINDICATIONS: Because thrombolytic ther- 

apy increases the risk of bleeding, EMINASE* 
; contraindicated in the following situations: &* active internal bleeding € history of cerebrovascular accident = 
ecent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS) & intracranial neoplasm, 
rteriovenous malformation, or aneurysm ® known bleeding diathesis = severe, uncontrolled hypertension. EMINASE* 
hould not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE* therapy is 
leeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
, Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 
| Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial 
junctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
he bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE* had 
lissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 
ecent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
iites (including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). 
ntramuscular injections and nonessential handling of the patient should be avoided during treatment with 
:MINASE*. Venipunctures should be performed carefully and only as required. Should an arterial puncture be 
recessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible 
o manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
or evidence of bleeding. Each patient being considered for therapy with EMINASE* should be carefully evaluated 
ind anticipated benefits should be weighed against potential risks associated with therapy. In the following condi- 
ions, the risks of EMINASE* therapy may be increased and should be weighed against the anticipated benefits: 
s recent (within 10 days) major surgery (e.g., coronary artery bypass graft, obstetrical delivery, organ biopsy, 
yevious puncture of non-compressible vessels) ® cerebrovascular disease ™ recent gastrointestinal or genito- 
irinary bleeding (within 10 days) € recent trauma (within 10 days) including cardiopulmonary resuscitation ® hyper- 
ension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg = high likelihood of left heart thrombus (e.g., mitral 
itenosis with atrial fibrillation) = subacute bacterial endocarditis m acute pericarditis = hemostatic defects including 
hose secondary to severe hepatic or renal disease = pregnancy ® age >75 years (Use of EMINASE* in patients 
wer 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
yphthalmic conditions = septic thrombophlebitis or occluded AV cannula at seriously infected site € patients 
urrently receiving oral anticoagulants (e.g., warfarin sodium) æ any other condition in which bleeding constitutes 
1 significant hazard or would be particularly difficult to manage because of its location. 


\rrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhyth mias 
‘such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
aachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 
de managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when injections of EMINASE* are administered. 


Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
observed soon after intravenous EMINASE* administration. Patients should be monitored closely and, should 
symptomatic or alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with 
EMINASE® treatment. Invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 
been reported in patients who received EMINASE*. Accordingly, adequate treatment provisions such as epinephrine 
should be available for immediate use. 


Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE* may 
10t be as effective if administered more than 5 days after prior EMINASE* or Streptokinase therapy or streptococcal 
nfection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days 
and 6 months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. 
Repeated administration of EMINASE* within one week of the initial dose has occurred in a small number of patients 
treated for AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those 
patients who received repeat doses of EMINASE* but otherwise the adverse event profile was similar to those who 
received one dose. 


Laboratory Tests: Intravenous administration of EMINASE* will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE® therapy may be 
unreliable unless specific precautions are taken to prevent in vitro artifacts. EMINASE*, when present in blood in 
pharmacologic concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen 
in blood samples removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 
KIU/mL) can, to some extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE* with other cardioactive drugs has not been studied. In addition to 
bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and 
dipyridamole) may increase the risk of bleeding if administered prior to EMINASE® therapy. 


Use of Anticoagulants; EMINASE® alone or in combination with antiplatelet agents and anticoagulants may cause 
bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 
studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE* during their hospital 
stay and a minority received heparin pretreatment with EMINASE*. The use of antiplatelet agents increased the inci- 
dence of bleeding events similarly in patients treated with EMINASE* or nonthrombolytic therapy. There was no 
evidence of a synergistic effect of combined EMINASE® and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of hemorrhagic CVA's in EMINASE* treated patients who did or did not 
receive aspirin. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 
the carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration 
assays in human lymphocytes were negative at all concentrations tested. 
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Pregnancy (Category C): Animal reproduction studies have not been conducted with EMINASE*. It is also not known 
whether EMINASE* can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. EMINASE* should be given to a pregnant woman only if clearly needed. 


Nursing Mothers: It is not known whether EMINASE* is excreted in human milk. Because many drugs are excreted 
in human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE*. 


Pediatric Use: Safety and effectiveness of EMINASE* in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate 
coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of 
presumed intracranial bleeding within 7 days postdosing with EMINASE* was 0.57% (n=5275; 0.34% etiology 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. 
In the AIMS trial the overall incidence of bleeding in patients treated with EMINASE* was 14.8% compared with 
3.8% for placebo. The incidence of specific bleeding events was: 


EMINASE* Placebo 
Type of Bleeding (n=500) (n=501) 
Puncture site 4.696 <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 2.4% <1% 
Hemoptysis 2.2% <1% 
Gastrointestinal hemorrhage 2.0% 1.4% 
Intracranial 1.0% <1% 
Gum/Mouth Hemorrhage 1.0% 0 
Epistaxis <1% <1% 
Anemia <1% <1% 
Eye Hemorrhage <1% <1% 
Hemorrhage (unspecified) <1% 0 


In this study there was no difference between EMINASE* and placebo in the incidence of major bleeding events. 
Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, 
retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of 
protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such 
bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


Cardiovascular: The most frequently reported adverse experiences in EMINASE* clinical trials (n—5275) were 
arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE® and 46% of 
nonthrombolytic control patients. Hypotension occurred in 10.4% of patients treated with EMINASE* compared to 
7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 


Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients 

treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing 

one to two weeks after treatment has been reported in 0.3% of patients. The rash may also be associated with 

arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 

self-limiting and without long-term sequelae. 

Risk of Viral Transmission: Six batches of EMINASE* (five different batches of Lys-Plasminogen) were used in clinical 

trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was 

diagnosed in patients receiving EMINASE®. Lys-Plasminogen is derived from human plasma obtained from FDA 

approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-1 

(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inacti- 
vation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 

>10" fold HIV-1 infectious particles, i.e., >10° infectious particles removed by vapor-heat treatment and a cumu- 
lative total of >10" infectious particles removed by the various steps in the purification process. 


Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 
causal relationship to EMINASE® administration is unknown. The following adverse experiences were infrequently 
(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture, 
chest pain, emboli; Dermatology—purpura, sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic — 
thrombocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous— 
agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, lung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE" as soon as possible after the onset of symptoms. The recommended 
dose is 30 units of EMINASE® administered only by intravenous injection over 2 to 5 minutes into an intravenous 
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MISCELLANEOUS 


Accuracy of Assessment of Cardiac Vagal Tone 
by Heart Rate Variability in Normal Subjects 
Junichiro Hayano, MD, Yusaku Sakakibara, MD, Akira Yamada, MD, 


Masami Yamada, MD, Seiji Mukai, MD, Takao Fujinami, MD, Kiyoko Yokoyama, ED, 
Yosaku Watanabe, ED, and Kazuyuki Takata, ED 


The correlations of 11 indexes of heart rate vari- 


ability were examined with pharmacologically de- 
termined cardiac vagal tone in 15 normal subjects 
at supine rest. After sympathetic influences by in- 
travenous propranolol were eliminated, RR interval 
variability was measured for 10 minutes under con- 
trolled respiration (0.25 Hz), and cardiac vagal tone 
was determined as the decrease in mean RR inter- 
val following complete vagal blockade with atro- 
pine. Time domain indexes (standard deviation, co- 
efficient of variance and mean successive differ- 
ence) correlated strongly with vagal tone (r — 0.87, 
0.81 and 0.92, respectively; p «0.001 for all). The 
same was true for frequency domain indexes for 
the high-frequency (0.25 Hz) component calculated 
both by autoregressive spectrum analysis (square 
root of power and coefficient of component vari- 
ance) and by fast Fourier transform (mean ampli- 
tude) (r = 0.91, 0.85 and 0.86, respectively; p 
«0.0001 for all). However, frequency domain in- 
dexes for the low-frequency spectral component 
(0.03 to 0.15 Hz) correlated less strongly (r = 
0.69, 0.55 and 0.70, respectively), and the fraction 
of power [power/(total power >0.03 Hz)] of both 
components showed no correlation. Principal com- 
ponent analysis showed that the first 6 indexes 
with strong correlations contained solely the first 
principal component closely related to vagal tone, 
whereas the remaining 5 indexes also contained 
the second component unrelated to vagal tone. 
These results indicate that most of the time and 
frequency domain analyses in use provides an ac- 
curate and common measure of cardiac vagal tone 
at rest. 

(Am J Cardiol 1991;67:199-204) 
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cal cardiology,"!! analysis of heart rate variability 

has been used as a measure of cardiac autonomic 
function. However, a variety of indexes of heart rate 
variability has been proposed and we have limited infor- 
mation about the actual correlations between each in- 
dex and cardiac autonomic tone. The indexes can be 
divided into 2 major categories: time and frequency do- 
main indexes. The former assesses the overall magni- 
tude of heart rate variability using relatively simple sta- 
tistics, such as the standard deviation of the RR inter- 
val,^!2!3 while the latter assesses the magnitude of 
individual components of the heart rate power spec- 
trum,'-65-1! which usually includes a high-frequency 
component at the respiratory frequency and a low-fre- 
quency component at 0.03 to 0.15 Hz.!-4!4 In this 
study, we evaluated the correlations of 3 time domain 
and 8 frequency domain indexes of heart rate variability 
with pharmacologically determined cardiac vagal tone, 
and we also examined the relations between the indexes 
by analyzing the principal components that explained 
their variance. 


[: many studies of circulatory physiology! and clini- 


METHODS 

Subjects: We studied 15 healthy, nonsmoking male 
volunteers (aged 21 to 24 years) without a history of 
cardiopulmonary disease, of whom 8 subjects were 
physically active (>30-minute aerobic exercise >3 
times per week) and 7 subjects were sedentary. None of 
them took any medications for >1 week before the 
study. They gave their written informed consent and the 
procedure was performed according to the Ethical 
Guidelines of Nagoya City University Medical School. 

Experimental protocol: Subjects did not consume 
beverages containing caffeine or alcohol after 9:00 P.M. 
on the day preceding the study. All experiments were 
performed between 10:00 a.m. and 11:30 A.M., >3 hours 
after a light breakfast. The surface electrocardiogram 
(lead CM5) and respiratory wave form (nose-tip therm- 
istor) were continuously recorded on an FM tape re- 
corder (MR-30, TEAC, Nagoya, Japan) with the sub- 
ject in the supine position. After a 10-minute rest peri- 
od, subjects were instructed to breathe gently to the 
signal from a metronome at 15 acts/min (0.25 Hz) dur- 
ing the experiment. After collecting control data for 10 
minutes, propranolol (0.2 mg/kg) was injected intrave- 
nously over 5 minutes. After a 2-minute equilibration 
period, data after propranolol administration were col- 
lected for 10 minutes. Next, fractionated doses (0.2 mg) 
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of atropine sulfate were injected intravenously at 4-min- 
ute intervals until 2 consecutive doses produced no fur- 
ther increase in the heart rate (Figure 1). After this 
procedure, the final data were collected for 10 minutes. 
Arterial blood pressure was measured after each injec- 
tion using a sphygmomanometer. 

surement of RR interval: The electrocardio- 
gram and respiratory wave form were digitized at a 
sampling rate of 1,000 Hz by an analog-to-digital con- 
verter (ADX-98E, Canopus Electronics Corporation, 
Kobe, Japan), and were analyzed using a microcomput- 
er (PC-9801EX2, NEC, Nagoya, Japan). All RR inter- 
vals were measured at an accuracy of 1 ms using R- 
wave detection software. During this process, the 
electrocardiogram was overread completely on the com- 
puter display by 2 cardiologists to detect ectopic beats 
and episodes of heart block. Time series comprising 
256-second consecutive RR intervals without ectopic 
beats or heart block, and during which the subject faith- 
fully matched all breaths to the metronome, were select- 
ed from the control period, the postpropranolol period 
and the period after the maximum dose of atropine. 

Time domain analysis: We calculated the following 
3 time domain indexes: (1) the standard deviation of the 
RR interval, (2) the coefficient of variance (standard 
deviation/mean RR interval), and (3) the mean succes- 
sive difference (mean difference between consecutive 
RR intervals)!*:!> (Figure 2). 

Frequency domain analysis: Power spectral analysis 
requires that time series data are equidistantly sampled 
along the time axis, but RR interval data inherently 
lack an equidistant character because each datum oc- 
curs whenever an R wave is detected. Accordingly, we 
interpolated the 256-second RR interval data using the 
cubic-spline interpolation method and then obtained 
512-point equidistant data by resampling the interpolat- 
ed data at 2 Hz. 
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We performed both autoregressive!?-!? and fast Fou- 
rier transform spectrum! analyses on the same time se- 
ries data (Figure 2). In the autoregressive method, the 
model order was chosen as the one that minimized 
Akaike's final prediction error figure of merit,'> and the 
autoregressive coefficients were calculated using the 
Marple algorithm.'’ The power and center frequency of 
the individual spectral component were computed by 
the method of Zetterberg,'^ and the spectral compo- 
nents at the respiratory frequency (0.25 Hz) were de- 
fined as the high-frequency component and those at 
0.03 to 0.15 Hz as the low-frequency component.*>:!4 
The magnitude of each spectral component was present- 
ed in the following 3 indexes: (1) the square root of 
power, (2) the coefficient of component variance 
(square root of power/mean RR interval),?!^ and (3) 
the normalized power (power/[total power — power of 
direct-current components]), where the direct-current 
components were defined as the spectral components 
with a frequency «0.03 Hz.^* In the fast Fourier trans- 
form method, after removing the linear trend, a 512- 
point spectrum for the 0.01- to 1.0-Hz frequency band 
was obtained.'® We calculated the mean amplitudes for 
the high-frequency (0.20 to 0.30 Hz) and for the low- 
frequency (0.03 to 0.15 Hz) band? 

Cardiac vagal tone: When the sympathetic effects 
on heart rate are eliminated, the decrease in the mean 
RR interval caused by the complete vagal blockade is 
thought to represent a quantitative estimate of the mean 
level of cardiac vagal tone.!??? We used the response of 
the mean RR interval to the maximum dose of atropine 
(Figure 1) as a “standard” of cardiac vagal tone, and 
designated this value as the vagal cardiac control. The 
vagal cardiac control was calculated as RRp — RRp+4, 
where RRp is the mean RR interval after propranolol 
(0.2 mg/kg) and RRp+q is the mean RR interval after 
the maximum dose of atropine. 


FIGURE 1. Dose-response curve of the 
heart rate after atropine administration. 
After intravenous administration of pro- 
pranolol (0.2 mg/kg), fractionated doses 
(0.2 mg) of atropine were given intrave- 
nously at 4-minute intervals until 2 con- 
secutive doses produced no further in- 
crease in heart rate. 





Statistical analysis: The effects of autonomic block- 
ade on variables were evaluated by 2-way analysis of 
variance (condition X subject) followed by the Bonfer- 
roni test. The relations between the indexes of heart rate 
variability and vagal cardiac control were evaluated by 
linear regression analysis (least-squares method). To 
characterize the relations between indexes, we used 
principal component analysis on the correlation coeffi- 
cient matrix. Data are given as mean + standard devi- 
ation and a p value «0.05 was considered significant. 


RESULTS 

Effects of autonomic blockade on heart rate vari- 
ability (Table I): The RR interval slowly increased dur- 
ing intravenous propranolol (0.2 mg/kg; mean 13 + 2 
mg, range 9 to 16) and reached to a plateau level within 
3.9 + 1.7 minutes (range 2.5 to 6.0), which was main- 
tained by the beginning of intravenous atropine, al- 
though the change was not significant because of the 
large RR interval variability. None of the indexes of 
heart rate variability was changed by propranolol. The 
maximum dose of atropine (mean 23 + 3 ug/kg, range 
18 to 29) decreased all indexes of heart rate variability 
(p «0.00001), except for the normalized power of the 
high- and low-frequency components. 

Correlation of indexes of heart rate variability with 
vagal cardiac control (Table II): The mean value of va- 
gal cardiac control in the 15 subjects was 330 + 87 ms 
(range 168 to 521). All of the 3 time domain indexes 
showed a highly significant correlation with the vagal 
cardiac control. Good correlations were also found for 
the square root of power, the coefficient of component 
variance, and the mean amplitude for the high-frequen- 
cy spectral component, whereas these 3 indexes for the 
low-frequency component showed a less significant cor- 
relation and the normalized power of both spectral com- 
ponents showed no significant correlation. 

Relations among the indexes of heart rate variabili- 
ty: All of the indexes, except for the normalized power, 
significantly correlated with each other. Principal com- 
ponent analysis on the correlation coefficient matrix 
showed that 92% of the total variance was explained by 
2 principal components (explained variance, 69 and 
23%, respectively) (Figure 3). The variance in all of the 
time domain indexes, as well as in the square root of 
power, the coefficient of component variance, and the 
mean amplitude for the high-frequency spectral compo- 
nent, was explained solely by the first principal compo- 
nent. However, the frequency domain indexes for the 
low-frequency spectral component related to both prin- 
cipal components. On the other hand, the variance in 
the normalized power of both spectral components was 
explained mainly by the second principal component. 
Vagal cardiac control was significantly correlated with 
the factor score of the first principal component (r — 
0.88), but not with the score of the second component. 


DISCUSSION 
We found that both time domain indexes (standard 
deviation, coefficient of variance and mean successive 


difference) and frequency domain indexes for the high- 
frequency spectral component (square root of power, 
coefficient of component variance and mean amplitude) 
show a linear relation with pharmacologically deter- 
mined cardiac vagal tone, and that these indexes strong- 
ly correlate with each other and their variance can be 
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FIGURE 2. Time and frequency domain analyses of heart rate 
variability in a representative young healthy subject: beat-to- 
beat RR interval variability (upper panel), the autoregressive 
power spectra of the RR interval spectral components (middle 
panel), and the fast Fourier transform power spectrum (lower 
panel). The respiration was controlled at 15 breaths/min 
(0.25 Hz). The spectral component at 0.25 Hz was defined as 
the high-frequency (HF) component, whereas that at 0.03 to 
0.15 Hz was defined as the low-frequency (LF) component. A 
= mean amplitude; CCV = coefficient of component variance 
(SRP/RR); CV = coefficient of variance (SD/RR); F = frequen- 
cy; MRR = mean RR interval; MSD = mean successive differ- 
ence of RR intervals; NP = normalized power (P/[total power 
>0.03 Hz]); P = power; SD = standard deviation of the RR in- 
terval; SRP = square root of the power. 
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TABLE I Effects of Sympathetic and Parasympathetic Blockade on Heart Rate Variability 


Control 


RR interval (ms) 925+155 
Systolic BP (mm Hg) 1149 
Diastolic BP (mm Hg) 6547 
Standard deviation (ms) 44416 
Coefficient of variance (%) 4641.3 
Mean successive difference (ms) 33417 
HF square root of power (ms) 26+ 12 
HF CCV (96) 2.7+1.0 
HF normalized power (%) 58+ 18 
HF amplitude (ms)* 66 + 30 
LF frequency (Hz) 0.091 + 0.022 
LF square root of power (ms) 17 x7 
LF CCV (96) 1.8+0.7 
LF normalized power (%) 29+ 16 
LF amplitude (ms)! 73230 


* Mean, 23 + 3 ug/kg: range, 18 to 29 ug/kg. 


Propranolol Atropine 
(0.2 mg/kg) (max. dose)* 


1011 + 137 691 + 965! 
1137 126 + 13+! 
6447 75+11#! 
47+19 124 65! 
4.44 1.5 1.8 + 0.95! 
39 + 23 2+ 15! 
30+ 14 3+ 25! 
2841.2 0.4 + 0.25! 
56 + 20 60 + 27 
74+ 36 6+ 48! 
0.097 + 0.022 0.109 + 0.029 
18+8 1+ 1$! 
1.7+0.6 0.2 + 0.25! 
23410 25+ 28 
75431 5+ 35! 


t Calculated by a fast Fourier transform algorithm, while the other spectral variables were obtained by an autoregressive spectrum analysis. 


t p < 0.05, $ p < 0.01 vs control; ' p <0.01 vs propranolol. 
Values are mean + standard deviation. 


BP = blood pressure; CCV = coefficient of component variance; HF, LF = high- (H) and low- (L) frequency components of the heart rate power spectrum; max. = maximum; NS = 


not significant. 


TABLE Il Linear Regression Analyses of the Relations 
Between the Various Indexes of Heart Rate Variability and 
Vagal Cardiac Control (VCC)* 


Y=AXVCC+B 


A B 


Standard deviation (ms) 0.18 —11 
Coefficient of variance (%) 0.013 0.071 
Mean successive difference 0.22 —27 
(ms) 
HF square root of power (ms) 0.14 -15 
HF CCV (%) 0.011 —0.71 
HF normalized power (95) — -= 
HF amplitude (ms)* 0.33 —32 
LF square root of power (ms) 0.057 —0.44 
LF CCV (%) 0.0039 0.44 
LF normalized power (%) — = 
LF amplitude (ms)* 0.23 
* The vagal cardiac control (VCC) was calculated as RRp — RRp+a (where RRp is the 
mean RR interval after propranolol [0.2 mg/kg] and RRp+a is the mean RR interval 


after the maximum dose of atropine determined in Figure 1). 
Abbreviations as in Table l. 


0.089 0.70 


explained by a single principal component closely relat- 
ed to vagal tone. In contrast, the frequency domain in- 
dexes for the low-frequency spectral component showed 
a less significant correlation with vagal tone, and they 
also included a principal component unrelated to vagal 
tone. Additionally, the fraction of power (normalized 
power) of both spectral components showed no signifi- 
cant correlation with vagal tone. These results not only 
indicate the accuracy of each index as a measure of va- 
gal tone, but also suggest the physiologic mechanisms 
underlying short-term heart rate fluctuations. 

We evaluated vagal tone after eliminating sympa- 
thetic effects on the heart rate by propranolol. Accord- 
ingly, our findings may be applicable only when sympa- 
thetic influences are blocked or kept constant, although 
propranolol had no effect on the indexes of heart rate 
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variability in the supine position. Also, vagal tone, as- 
sessed as the response to atropine, may be influenced by 
“excess tachycardia” as reported in animal experi- 
ments.?! We cannot estimate the effects of this phenom- 
enon on our results. At present, however, we have no 
other standard of vagal tone applicable to normal hu- 
man subjects. 

We calculated the power spectra using 2 different 
methods. Although the square root of power and the 
mean amplitude, respectively computed by autoregres- 
sive!’ and fast Fourier transform! algorithms, closely 
correlated with each other (r = 0.96 and r = 0.93 for 
high- and low-frequency component, respectively), the 
mean amplitude showed a higher relative ratio of the 
low- to high-frequency than the square root of power 
(Table I). This may be explained largely by the effect of 
1/f spectral noise,?>? which is isolated as the direct- 
current component in the autoregressive power spec- 
trum*!^?4 but not in the fast Fourier transform (Figure 
2). 

Short-term heart rate fluctuation has been thought 
to be mediated by modulation of autonomic inputs to 
the sinoatrial node.!-4 The high-frequency component 
has been suggested to be mediated solely by the modu- 
lation of vagal outflow that occurs with respiration.!-4*25 
As shown in earlier studies and the present study, this 
component is abolished by parasympathetic blockade. ? 
Also, increasing tidal volume increases the magnitude of 
this component, whereas increasing respiration frequen- 
cy diminishes it.!426-28 Taken together with these find- 
ings suggesting that the magnitude of the high-frequen- 
cy spectral component reflects the degree of respiratory 
modulation of vagal activity, our data suggest that the 
degree of this modulation augments linearly with the 
increase in the mean level of vagal tone. 

A correlation between respiratory heart rate fluctua- 
tion and vagal tone has been reported earlier by Katona 


FIGURE 3. Plot of factor-loading pattern 
of the indexes of heart rate variability. 


trix. The variance explained by compo- 
nents 1 and 2 was 92% (69% and 23%, 
respectively). Only the factor score of 
component 1 correlated closely with vagal 
cardiac control (r = 0.88). C = coefficient 
of variance; D = mean successive differ- 
ence of RR intervals; Ha, La; Hc, Lc; Hn, 
Ln; Hp, Lp = mean amplitude, coefficient 
of component variance, normalized power, 
and square root of power of the high- (H) 
and low- (L) frequency spectral compo- 
nents. 
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and Jih!’ in dogs and by Fouad et al^? in humans. They 
measured the difference between the summit and nadir 
values of RR interval oscillation. Unfortunately, their 
index has not been generalized, probably because it re- 
quires data collected in a highly stationary state. We 
have previously reported a linear relation between the 
coefficient of component variance for the high-frequen- 
cy spectral component and vagal tone,?^ and our present 
observations extend these earlier findings to several oth- 
er indexes that have been generally used in recent stud- 
ies. 
The low-frequency component is thought to be medi- 
ated by the modulation of both the vagal and sympa- 
thetic outflow at this frequency range (0.03 to 0.15 
Hz).!-49 This component is also abolished by parasym- 
pathetic blockade,!?2^ and propranolol decreases the 
magnitude of this component in the standing posi- 
tion.224 Our observation that the magnitude of this 
component showed a moderate correlation with vagal 
tone suggests that the degree of vagal modulation at this 
frequency range also correlates with the mean level of 
vagal tone, and this may explain our finding that the 
time domain indexes that reflect integrated heart rate 
variability over all frequency bands also showed a good 
correlation with vagal tone. 

However, even under sympathetic blockade, the 
variance in the magnitude of the low-frequency spectral 
component also included a principal component unrelat- 
ed to vagal tone. This principal component might be 
related to the amplitude of the low-frequency fluctua- 
tion in blood pressure (the Mayer wave), which is 
translated into the low-frequency component of heart 
rate variability through the mediation of the barorecep- 
tor reflex mechanism.'~* This point may be clarified by 
simultaneously analyzing blood pressure variability^9* 
in both rest and stress conditions. 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 15, 1991 


-osbeesce 


"————À-de-2-2J---- 
az cot Nc 
gue 


--— m m omm mmm mb Rm -—— oom omm om como omo ooo ooo 


"ppp RIIMMRT-T-THA-T--8T---48----2-7-7-- 


0 
COMPONENT 1 





Acknowledgment: We thank Takeshi Kamiya, MD, 
and Oki Takeuchi, MD, for their technical support. 


REFERENCES 

1. Akselrod S, Gordon D, Ubel FA, Shannon DC, Barger AC, Cohen RJ. Power 
spectrum analysis of heart rate fluctuation; a quantitative probe of beat-to-beat 
cardiovascular control. Science 1981;213:220-222. 

2. Pomeranz B, Macaulay RJB, Caudill MA, Kutz I, Adam D, Gordon D, 
Kilborn KM, Barger AC, Shannon DC, Cohen RJ, Benson H. Assessment of 
autonomic function in humans by heart rate spectral analysis. Am J Physiol 
1985:248:H151-H153. 

3. Akselrod S, Gordon D, Madwed JB, Snidman NC, Shannon DC, Cohen RJ. 
Hemodynamic regulation: investigation by spectral analysis. Am J Physiol 
1985:249:H867-H875. 

4. Pagani M, Lombardi F, Guzzetti S, Rimoldi O, Furlan R, Pizzinelli P, San- 
drone G, Malfatto G, Dell'Orto S, Piccaluga E, Turiel M, Basseli G, Cerutti S, 
Malliani A. Power spectral analysis of heart rate and arterial pressure variabilities 
as a marker of sympatho-vagal interaction in man and conscious dog. Circ Res 
1986:59:178-193. 

5. Hayano J, Sakakibara Y, Yamada M, Kamiya T, Fujinami T, Yokoyama K, 
Watanabe Y, Takata K. Diurnal variations in vagal and sympathetic cardiac 
control. Am J Physiol 1990;258:H642-H646. 

6. Furlan R, Guzzetti S, Crivellaro W, Dassi S, Tinelli M, Baselli G, Cerutti S, 
Lombardi F, Pagani M, Malliani A. Continuous 24-hour assessment of the neural 
regulation of systemic arterial pressure and RR variabilities in ambulant subjects. 
Circulation 1990;81:537-547. 

7. Kleiger RE, Miller JP, Bigger JT Jr, Moss AJ, the Multicenter Post-Infarction 
Research Group. Decreased heart rate variability and its association with in- 
creased mortality after acute myocardial infarction. Am J Cardiol 1987;59:256- 
262. 

8. Myers GA, Martin GJ, Magid NM, Barnett PS, Schaad JW, Weiss JS, Lesch 
M, Singer DH. Power spectral analysis of heart rate variability in sudden cardiac 
death: comparison to other methods. JEEE Trans Biomed Eng 1986;:BME 
33:1149-1156. 

9. Saul JP, Arai Y, Berger RD, Lilly LS, Colucci WS, Cohen RJ. Assessment of 
autonomic regulation in chronic congestive heart failure by heart rate spectral 
analysis. Am J Cardiol 1988:61:1292-1299. 

10. Hayano J, Sakakibara Y, Yamada M, Ohte N, Fujinami T, Yokoyama K, 
Watanabe Y, Takata K. Decreased magnitude of heart rate spectral components 
in coronary artery disease: its relation to angiographic severity. Circulation 
1990;81:1217-1224. 

11. Lipsitz LA, Mietus J, Moody GB, Goldberger AL. Spectral characteristics of 
heart rate variability before and during postural tilt: relations to aging and risk of 
syncope. Circulation 1990:81:1803-1810. 

12. Ewing DG, Borsey DQ, Bellavere F, Clarke BF. Cardiac autonomic neuropa- 


203 


nET we Iw 








= is "EG A Si he hs t 
a EE 
` Ret T» ur > 





7 AAA aT be Uas m E 


- x 
* « 
=- 


v 


thy in diabetes: comparisen of measures of R-R interval variation. Diabetologia 
1981;21:18-24. 

13. Vybiral T, Bryg RJ, Maddens ME, Borden WE. Effect of passive tilt on 
sympathetic and parasympathetic components of heart rate variability in normal 
subjects. Am J Cardiol 1989;63:1117-1120. 

14. Hayano J. Quantitative assessment of autonomic function by autoregressive 
spectral analysis of heart rate variability: effect of posture, respiratory frequency, 
and age. Jiritsushinkei 1988;25:334-344. 

15. Akaike H. Fitting autoregressive models for prediction. Ann Stat Math 
1969:21:234-247. 

16. Zetterberg LH. Estimation of parameters for a linear difference equation 
with application to EEG analysis. Math Biosci 1969;5:227-275. 

17. Marple L. A new autoregressive spectrum analysis algorithm. /EEE Trans 
Acoust Speech Signal Processing 1980; ASSP-28:441—455. 

18. Ozawa S. Fast Fourier transform. In: Ozawa S, ed. Digital Signal Processing. 
Tokyo, Japan: Jikkyo Shuppan, 1983;130-169. 

19. Katona PG, Jih F. Respiratory sinus arrhythmia: noninvasive measure of 
parasympathetic cardiac control. J Appl Physiol 1975;39:801-805. 

20. Fouad FM, Tarazi RC, Ferrario CM, Fighaly S, Alicandri C. Assessment of 
parasympathetic control of heart rate by a noninvasive method. Am J Physiol 
1984;246:H838-H842. 


204 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


21. Rigel DF, Lipson D, Katona PG. Excess tachycardia: heart rate after ant 
muscarinic agents in conscious dogs. Am J Physiol 1984;246:H168-H173. 
22. Kobayashi M, Musha T. 1/f Fluctuation of heart beat period. /EEE Tra: 
Biomed Eng 1982;29:456-457. 

23. Goldberger AL, West B. Applications of nonlinear dynamics to clinic: 
cardiology. Ann NY Acad Sci 1987;504:195-213. 

24. Hayano J, Yamada M, Fujinami T, Yokoyama K, Watanabe Y, Takata k 
Autonomic nervous function and spectral components of heart rate variability 
Seibutsubutsuri 1988;28:32-36. 

25. Eckberg DL. Human sinus arrhythmia as an index of vagal cardiac outflow.. 
Appl Physiol 1983;54:961-966. 

26. Angelone A, Coulter NA. Respiratory sinus arrhythmia: a frequency deper 
dent phenomenon. J Appl Physiol 1964;19:479-482. 

27. Hirsch JA, Bishop B. Respiratory sinus arrhythmia in humans: how breathin 
pattern modulates heart rate. Am J Physiol 1981;241:H620-H629. 

28. Melcher A. Respiratory sinus arrhythmia in man: a study in heart rat 
regulating mechanisms. Acta Physiol Scand Suppl 1976;435:1-31., 

29. Berger RD, Saul JP, Cohen RJ. Transfer function analysis of autonomi 
regulation I. Canine atrial rate response. Am J Physiol 1989:256:H142-H152 
30. Penáz J. Mayer waves: history and methodology. Automedica 1978;2:135 
141. 


ase the 
Ischemic Stranglehold 
of Angina 


| Ue 


» 


mendi ' 


nicardipine HC! 


See adjacent page for brief summary of prescribing information. 





*At therapeutic doses, 
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cardiac index, stroke volume index, or 
ejection fraction. In general, no detrimental 
effects on the cardiac conduction system 
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Brief Summary 


Capsules For oral use 
MECHANISM OF ACTION: CARDENE is a calcium 


entry blocker which inhibits the transmembrane influx of 
Calcium tons into cardiac muscle and smooth muscle without 
changing serum calcium concentrations. The contractile 
processes of cardiac muscle and vascular smooth muscle are 
dependent upon the movement of extracellular calcium ions 
into these cells through specific ion channels The effects of 
CARDENE are more selective to vascular smooth muscle than 
cardiac muscle. In animal models, CARDENE produces 
relaxation of coronary vascular smooth muscle at drug levels 
which cause little or no negative inotropic effect 


CONTRAINDICATIONS: Patients with hypersensitiv 
ity to the drug. Because part of the effect of CARDENE is 
secondary to reduced afterload, the drug is also contraindi- 
cated in patients with advanced aortic stenosis 


WARNINGS: Increased Angina: About 7% of patients 
in short term placebo-controlled angina trials have developed 
increased frequency, duration or severity of angina on 
Starting CARDENE or at the time of dosage increases 
compared with 4% of patients on placebo. Comparisons with 
beta-blockers also show a greater frequency of increased 
angina, 4% vs 1%. The mechanism of this effect has not been 
established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: 
Although preliminary hemodynamic studies in patients with 
congestive heart failure have shown that CARDENE reduced 
afterload without impairing myocardial contractility, it has a 
negative inotropic effect in vitro and in some patients 
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Beta-Blocker Withdrawal: CARDENE i5 not a beta- 
blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal, any such withdrawal should 
be by gradual reduction of the dose of beta-biocker, prefera- 
bly over 8-10 days 


PRECAUTIONS: General: Blood Pressure: Careful 
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occasionally produce symptomatic hypotension. Caution IS 
advised to avoid systemic hypotension when administering 
the drug to patients who have sustained an acute cerebral 
infarction or hemorrhage. Because of prominent effects at the 
time of peak blood levels, initial titration should be performed 
with measuféments of blood pressure at trough (just before 
the next dose) and'at peak effect [1-2 hours after dosing) 


Use in patients with impaired hepatic function: The 
drug should be used with caution in patients having impaired 
liver function or redüced hepatic blood flow. Patients with 

Severe liver disease developed elevated blood levels (4-fold 








increase in AUC] and prolonged half-life (19 hours) of 
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Use in patients with impaired renal function: Mean 
plasma concentrations, AUC, and Cmax were approximately 
2-fold higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
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Drug Interactions: Cimetidine. Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored 


Digoxin. Some calcium blockers may increase the concentra- 
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Maalox. Co-administration of Maalox TC had no effect on 
CARDENE absorption 


Fentanyl Anesthesia. Severe hypotension has been reported 
during fentanyl anesthesia with concomitant use of a 
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required if such an interaction were to occur 
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cyclosporine results in elevated plasma cyclosporine levels 
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Pregnancy: Pregnancy Category C: There are no adequate 
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should be used during pregnancy only if the potential benefit 
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Pediatric Use: Safety and efficacy in patients under the age 
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Use in the Elderly: Pharmacokinetic parameters did not 
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Plasma CARDENE concentrations in elderly hypertensive 
patients were similar to plasma concentrations in healthy 
young adult subjects when CARDENE was administered at 
doses of 10, 20 and 30 mg TID, suggesting that the pharma 
cokinetics of CARDENE are similar in young and elderly 
hypertensive patients. No significant differences in responses 
to CARDENE have been observed in elderly patients and the 
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general adult population of patients who participated in 
clinical studies 


ADVERSE REACTIONS: in short-term (up to three 
months) studies 1,910 patients received CARDENE alone or in 
combination with other drugs. In these studies, adverse 
events were generally not serious but occasionally required 
dosage adjustment. Peak responses were not observed to be 
associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
with decreases in blood pressure (tachycardia, hypotension, 
etc.) could occur around the time of the peak effect 


Angina: The most common adverse events include pedal 
edema and dizziness in about 7% of patients; headache, 
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palpitations in about 396; and nausea and dyspepsia in about 
2%. Adverse events occurring in about 196 of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
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atherosclerotic vascular disease in these patients. Adverse 
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BRIEF REPORTS 


Significance of Minimal Preexcitation in Wolff-Parkinson-White 


Syndrome 


Wee Siong Teo, MBBS, MRCP(UK), George J. Klein, MD, Raymond Yee, MD, 
James W. Leitch, MBBS, FRACP, and Challon J. Murdock, MBBS, FRACP 


he degree of preexcitation in the Wolff-Parkinson- 

White (WPW) syndrome depends on the relative 
degree of ventricular activation through the accessory 
pathway and the atrioventricular nodal system. A mini- 
mal preexcitation pattern may be related to rapid conduc- 
tion over the normal atrioventricular conduction system, 
delayed intraatrial conduction to the atrial insertion of 
the accessory pathway, slower conduction over the acces- 
sory pathway, or a combination of these factors. We 
hypothesized that a minimal preexcitation pattern gener- 
ally reflects a longer intraatrial conduction time and may 
be of value in localizing a pathway to the left lateral 
region. This study examined the incidence of minimal 
preexcitation pattern and its potential as an electrocar- 
diographic pathway-localizing feature in patients with 
WPW syndrome. 

We reviewed all consecutive patients with electrocar- 
diographic evidence of WPW syndrome who underwent 
an electrophysiologic study at University Hospital, Lon- 
don, Ontario, from January 1988 to December 1989 in- 
clusively. In all, 131 patients with preexcitation were 
studied. The patients with a minimal preexcitation pat- 
tern on the 12-lead electrocardiogram were designated 
as group 1 patients, whereas the remaining patients with 
a definite preexcitation pattern served as the control 
group (group 2). The 12-lead electrocardiogram was 
enlarged to 1.5 times and the duration of the delta wave 
was measured (Figure 1). Minimal preexcitation pattern 
was defined as one in which the maximal delta-wave 
duration (from the onset of the delta wave to onset of 
rapid depolarization of the ventricle) in any lead of the 
12-lead electrocardiogram was <40 ms. Patients with 
intermittent preexcitation and decremental anterograde 
conduction over the accessory pathways were excluded. 
All patients underwent an electrophysiologic study, and 
the site of the accessory pathway was confirmed by endo- 
cardial catheter mapping as well as intraoperative map- 
ping in patients who underwent surgical correction for 
WPW, as previously reported.! Briefly, all patients gave 
verbal and written informed consent for the procedure. 
Electrophysiologic studies were performed in the nonse- 
dated, postabsorptive state =5 drug half-lives after anti- 
arrhythmic drugs were discontinued. Endocardial map- 
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ping was done with 4 multipolar catheters in the coro- 
nary sinus, right ventricular apex, His bundle and high 
right atrium, respectively. Right-sided pathways were 
mapped at the tricuspid ring with a bipolar electrode 
catheter. 

The PA interval was defined as that interval mea- 
sured from onset of earliest atrial activation on the sur- 
face electrocardiogram to the first rapid deflection of the 
atrial electrogram at the His bundle position. The AH 
interval was defined as that interval measured from the 
first rapid deflection of the atrial electrogram to the 
onset of the His electrogram. The P to "local A" interval 
was measured from the onset of the earliest atrial activa- 
tion on the surface electrocardiogram to the first rapid 
deflection of the atrial electrogram nearest the accessory 
pathway. The accessory pathway conduction time was 
measured from the first rapid deflection of the local 
atrial electrogram nearest the accessory pathway as de- 
termined by endocardial mapping, to the earliest onset of 
ventricular activation. Neither the P to local A interval 
nor the accessory pathway conduction times were mea- 
sured for right free wall accessory pathways because a 
local atrial electrogram near the accessory pathway was 
not available. Student's unpaired t test was used to de- 
termine the statistical difference seen in continuous vari- 
ables. Univariate analysis of discrete variables was per- 
formed using a chi-square test. Multivariate stepwise 
logistic regression was used to determine which variables 
were associated with subtle preexcitation. A probability 
<0.05 was considered significant. Group data are ex- 
pressed as mean + 1 standard deviation. 

A total of 131 patients (96 male and 35 female pa- 
tients [2.7 male: 1 female]) were studied. The patients 
were 10 to 68 years (mean 32 + 13). There was no 
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TABLE I Electrophysiologic Measurements 


Conduction Group 1 Group 2 
Interval Total (MPP) (control) p Value 


PA interval 48111 47 € 13 48+11 0.48 
(n=128) (n=27) (n= 101) 

AH interval 66 + 20 56 + 16 69+20 0.003 
(n2117) (n=26) (n 2 91) 


Accessory pathway 32 4: 12 36+ 10 Wetis 0.03 
conduction time (n2101) (n=24) (n=77) 

Accessory pathway 294457 273432 300460 0.04 
anterograde ERP (n=115) (n=23) (n = 92) 

Atrial fibillation SRR 252165 241461 254466 048 
(n= 89) (n= 18) (n=71) 


ERP = effective refractory period; MPP = minimal preexcitation pattern; SRR = 
shortest RR interval. 





difference in the sex ratio (2.9:1 vs 2.4:1) and mean age 
(31 15 vs 33 + 13 years, p = 0.7) between groups 1 and 
2. Twenty-seven patients (21%) had a minimal preexci- 
tation pattern on the 12-lead electrocardiogram, an ex- 
ample of which is shown in Figure 2. Group 1 patients 
had a significantly shorter AH interval (56 + 16 vs 69 + 
20 ms, p = 0.003), shorter refractory period of the acces- 
sory pathway (273 + 32 vs 300 + 60 ms, p = 0.04) and a 
longer accessory pathway conduction time (36 + 10 vs 30 
+ 13 ms, p = 0.03) than group 2 patients, but there was 
no difference in the shortest preexcited RR interval dur- 
ing atrial fibrillation (242 + 61 vs 254 + 66 ms, p = 0.5) 
(Table I). Group 1 patients (Table II) also had a signifi- 
cantly higher prevalence of left lateral accessory path- 
ways (85 vs 42%, p = 0.004). Accessory pathway con- 
duction times in the right anteroseptal region were longer 
than that in the left lateral (46 + 11 vs 31 + 12 ms, p 
« 0.001) and posteroseptal regions (46 + 11 vs 30 x: 11 
ms, p <0.001). A minimal preexcitation pattern had a 
positive predictive value of 85.296 (23 of 27) and specific- 
ity of 93.8% (60 of 64) for a left lateral accessory path- 
way. Multiple regression analysis of the variables pre- 
dictive of a minimal preexcitation pattern showed that 
the AH interval (p = 0.002), accessory pathway conduc- 
tion time (p — «0.001) and the site of the accessory 
pathway (p = 0.03) were predictive of a minimal preex- 
citation pattern. 

Several reports have been published on the usefulness 
of the electrocardiographic criteria for localizing accesso- 
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FIGURE 2. Electrocardiogram showing 

minimal preexcitation pattern. The small Q 
waves in the inferior leads suggest a pos- 
teroseptal accessory pathway. However, 

| """" | diagnosis of a left lateral accessory path- 
i pe —— way in this patient was confirmed during 
tube |  electrophysiologic study and at surgery. 
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TABLE Il Site of Accessory Pathways 


Group 1 Group 2 
Total (MPP) (Control) p Value 













Single 







Left lateral 67 (51%) 23(85%) | 44(4296) 

Posteroseptal 38(29%) 3(11%) 35(34%) 

Right free wall 7 (5%) 1 (4%) 6 (6%) 

Right anteroseptal 10 (8%) 0(10%) 10(10%) 0.004 
Multiple 9 (7%) 0 9 (896) 












Total 27 104 
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MPP = minimal preexcitation pattern. 








ry pathways.” However, these criteria depend on at least 
a moderate degree of preexcitation for accurate localiza- 
tion and are not useful in the presence of minimal preexci- 
tation. It has been suggested"? that a subtle or minimal 
preexcitation pattern is most likely to occur with left 
lateral accessory pathways. In animal studies, Boineau et 
al? found that those with left ventricular preexcitation 
have a delayed arrival time of the anomalous impulse, 
resulting in relatively less preexcitation and more activa- 
tion over the normal pathway and thus a less prominent 
delta wave and shorter QRS duration and aberration. 
Milstein? and Lindsay? and their co-workers found that 
subtle preexcitation appeared to be associated with a left 
lateral accessory pathway. We found that a minimal 
preexcitation pattern is by itself a useful localizing fea- 
ture with most (85%) having a left lateral accessory path- 
way. Thus, the presence of a minimal preexcitation pat- 
tern when other electrocardiographic criteria cannot be 
applied strongly suggests a left lateral accessory pathway. 
The major determinants for a minimal preexcitation pat- 
tern are the location of the accessory pathway in the left 
lateral region, accessory pathway conduction time and 
atrioventricular conduction. The location appeared to be 
very important, because even though patients with right 
anteroseptal accessory pathways had a longer conduction 
time, suggesting a longer route or different substrate of 
the accessory pathway, none had a minimal preexcitation 
pattern. In general, patients with subtle preexcitation also 
had a shorter AH interval. This explains why not all 
patients with left lateral pathways have subtle preexcita- 
tion and also why a minimal preexcitation pattern can 
occur in other regions. In the 3 patients with posteroseptal 
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pathways and the single patient with a right free wall 
pathway and subtle preexcitation, the AH intervals were 
short. These data pertain to a predominantly adult popu- 
lation. Only 1 of the patients was <12 years old. This 
patient showed a minimal preexcitation pattern and the 
pathway was in the left lateral region. These data cannot 
be extrapolated to the pediatric population, in general, 
who may have relatively shorter atrioventricular nodal 
conduction times, or to patients with decremental antero- 
grade accessory pathways who may have longer accesso- 
ry pathway conduction times. Nonetheless, the presence 
of a minimal preexcitation pattern in the adult with 
WPW syndrome is a useful first approximation to localiz- 
ing the accessory pathway to the left lateral region. 
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Comparison of Responses to Isoproterenol and Epinephrine During 
Head-Up Tilt in Suspected Vasodepressor Syncope 


Hugh Calkins, MD, Alan Kadish, MD, Joao Sousa, MD, Shimon Rosenheck, MD, and Fred Morady, MD 


ead-up tilt is known to play an important role in estab- 
lishing the diagnosis of vasodepressor syncope in pa- 
tients with syncope of unknown etiology.'? Although 
passive head-up tilt alone may trigger a vasodepressor 
response, recent studies show that an infusion of isopro- 
terenol significantly increases the sensitivity of head-up 
tilt in reproducing vasodepressor syncope.! However, 
isoproterenol is not endogenously produced and the role 
of endogenous catecholamines, such as epinephrine, in 
provoking vasodepressor syncope is unknown. Therefore, 
we compared the responses to isoproterenol and epineph- 
rine during head-up tilt in patients suspected of having 
vasodepressor syncope. 
Our subjects were 20 consecutive patients (13 men 
and 7 women, mean age + standard deviation 52 + 23 
years) with syncope suspected to be of vasodepressor 
origin who underwent a tilt-table test. Clinical suspicion 
of vasodepressor syncope was based on the presence of 
(1) a history of syncope precipitated by a stressful situa- 
tion; (2) a prodrome of nausea, warmth or diaphoresis; 
and (3) residual symptoms of nausea or fatigue. Twelve 
patients had no structural heart disease, 5 patients had 
coronary artery disease and 3 patients had hypertension. 
The number of syncopal episodes before referral ranged 
from 1 to 70, with a mean of 8 + 16 syncopal episodes. 
Passive head-up tilt to 70° was initially performed in 
the drug-free state for 10 minutes. If the patient's symp- 
toms were not reproduced, a catecholamine infusion 
(isoproterenol or epinephrine at 50 ng/kg/min) was be- 
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gun and head-up tilt was continued for an additional 10 
minutes. The patient was then returned to the supine 
position and the catecholamine infusion rate was in- 
creased to 100 ng/kg/min. After 6 minutes of catechol- 
amine infusion, head-up tilt was repeated. All patients 
requiring a catecholamine infusion were challenged with 
incremental doses of both isoproterenol and epinephrine. 
The sequence in which the 2 catecholamines were admin- 
istered was randomized and the 2 tilt-table tests were 
performed sequentially, separated by a 20-minute rest 
period. The patient's blood pressure and heart rate were 
recorded noninvasively at 5-minute intervals and more 
frequently when symptoms developed. The electrocar- 
diograph was monitored continuously throughout the 
procedure. Ina subset of 7 patients, lower infusion rates 
of epinephrine (15 and 25 ng/kg/min) were used. 

The epinephrine infusion rates used in this study were 
selected because previous studies demonstrated that 
these infusion rates result in plasma epinephrine concen- 
tration comparable to the levels achieved during a vari- 
ety of pathophysiologic states. A 25-ng/kg/min infusion 
of epinephrine results in plasma epinephrine concentra- 
tions similar to those occurring endogenously during 
mental stress, cigarette smoking and public speaking 
(178 + 15 pg/ml), a 50-ng/kg/min infusion of epineph- 
rine results in systemic levels similar to those dur- 
ing submaximal exercise or hypoglycemia (259 + 24 
pg/ml), and a 100-ng/kg/min infusion results in systemic 
levels similar to those produced during maximal exer- 
cise (484 + 69 pg/ml). The isoproterenol infusion rates 
used in this study were selected in order to equal epi- 
nephrine infusion rates and also because these infusion 
rates are similar to those used by other investigators in 
the evaluation of vasodepressor syncope.!? 


207 


fo -z TREE. eas se 


Pee en ee eee Ce ee 


CO aa. o r4 7 ‘ee aL aa d EST gi 
2 S. iati ta Dii $ | m = iS 1 


DPS aN ee er Oe ae C 
: ONES OCCUPE 


TABLE I Blood Pressure and Heart Rate Responses to Isoproterenol and Epinephrine 


Peak HR Peak HR 
Epinephrine 


(beats / min) 


Baseline HR 
(beats / min) 


The criteria for a positive tilt-table test included the 
induction of syncope or presyncope in association with 
a systolic blood pressure «80 mm Hg and a relative 
bradycardia, defined as a >5 beats/min decrease in heart 
rate from the peak achieved heart rate. 

All data are expressed as mean + 1 standard devi- 
ation. Comparisons were performed with a paired t test 
or by analysis of variance. A p value <0.05 was consid- 
ered statistically significant. 

Seventeen patients (85%) had an abnormal response 
to tilt-table testing and 3 (15%) had a normal response. 
The tilt-table test was positive in the absence of a cate- 
cholamine infusion in 2 patients. Isoproterenol triggered 
a vasodepressor response in 15 patients, whereas epi- 
nephrine triggered a vasodepressor reaction in only 2 
patients (p <0.01). No patient who had a negative tilt- 
table test during infusion of isoproterenol had an abnor- 
mal response during infusion of epinephrine. At the ter- 
mination of the head-up tilt, the 15 patients with an 
abnormal response during isoproterenol infusion had a 
decrease in heart rate of 38 + 27 beats/min and a de- 
crease in mean blood pressure of 38 + 14 mm Hg. Dur- 
ing epinephrine infusion, these patients had a mean de- 
crease in heart rate of 8 + 13 beats/min (p = 0.02 vs 
isoproterenol) and a mean decrease in blood pressure of 
3 + 4 mm Hg (p «0.01 vs isoproterenol). The rhythm 
induced in patients with an abnormal response was junc- 
tional in 9 patients; complete heart block was induced in 
1 patient, atrial fibrillation in 1, sinus tachycardia in 3, 
normal sinus rhythm in 1, and sinus bradycardia in 2. 

The hemodynamic responses during isoproterenol 
and epinephrine infusions are listed in Table I. The 2 
patients who had an abnormal response to head-up tilt in 
the absence of a catecholamine infusion and the 6 pa- 
tients who were challenged with low-dose epinephrine 
infusions are excluded from this analysis. The baseline 
mean heart rate (supine) was 75 + 14 beats/min. Isopro- 
terenol resulted in a greater chronotropic response than 
did epinephrine. The mean peak heart rate achieved with 
isoproterenol before completion of the study or the de- 
velopment of a vasodepressor response was 139 + 25 
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(beats / min) 





BP = blood pressure; HR = heart rate; SD = standard deviation. 


Peak Mean BP 
Epinephrine 
(mm Hg) 


Peak Mean BP 
Isoproterenol 


Baseline 
Mean BP 
(mm Hg) 


beats/min compared with 112 + 21 beats/min with iso- 
proterenol (p <0.01). Isoproterenol and epinephrine had 
similar effects on blood pressure. In the baseline state, 
mean blood pressure was 97 + 9 mm Hg. During isopro- 
terenol infusion, maximal mean blood pressure was 92 + 
9 mm Hg compared with 94 + 12 mm Hg during epi- 
nephrine infusion. 

The major finding of this study is that epinephrine, the 
primary endogenously produced circulating catechol- 
amine, induces signs and symptoms of a vasodepressor 
reaction much less frequently than does isoproterenol 
during tilt-table testing. Only 2 of 15 patients who had a 
vasodepressor response with head-up tilt during isopro- 
terenol infusion had a vasodepressor response during epi- 
nephrine infusion. Furthermore, no patient had a vaso- 
depressor response only during epinephrine infusion. 
These findings suggest that epinephrine may not be the 
primary trigger of the vasodepressor response in humans. 

The importance of the sympathetic nervous system in 
triggering vasodepressor syncope has been recognized for 
over 30 years. Early evidence consisted of the clinical 
observations that vasodepressor syncope frequently was 
precipitated by stress or anxiety.’ Subsequent hemody- 
namic studies demonstrated a tachycardia response be- 
fore the development of bradycardia and hypotension.* 
Catecholamine levels of patients before syncope provided 
additional evidence of the important role played by the 
sympathetic nervous system.? More recent studies report 
that infusion of isoproterenol during tilt-table testing sig- 
nificantly increases the yield of a vasodepressor re- 
sponse. |25 

The physiologic basis for the greater propensity of 
isoproterenol, compared with epinephrine, to trigger a 
vasodepressor response during head-up tilt is uncertain. 
Recently, ventricular mechanoreceptors with nonmyelin- 
ated vagal afferents have been identified.!?.!! Discharge 
of these fibers is influenced by contractility as well as by 
systolic and diastolic pressure. With an increase in pres- 
sure or contractility, the mechanoreceptors are stimulat- 
ed, resulting in withdrawal of sympathetic tone and an 
increase in vagal tone, and this causes a vasodepressor 
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response. A hypercontractile ventricle with a small end- 
systolic volume may stimulate receptor discharge by in- 
ducing intraventricular pressure gradients. Within this 
physiologic framework, several mechanisms may explain 
isoproterenol's enhanced ability, compared with epineph- 
rine, to trigger the vasodepressor response. First, isopro- 
terenol has been demonstrated to reduce end-diastolic 
volume and increase stroke volume.!? This effect on end- 
diastolic volume would be expected to be greater with 
isoproterenol than with epinephrine because of the great- 
er chronotropic effects of isoproterenol. Second, isopro- 
terenol may increase end-diastolic pressure to a greater 
degree than epinephrine because of a greater shortening 
of the diastolic filling period. Finally, once the vaso- 
depressor response is triggered, isoproterenol may aug- 
ment peripheral vasodilation because of its 8-2 agonist 
properties, whereas epinephrine may counteract vasodila- 
tion through its o-agonist effects. 

The precise role of epinephrine in precipitating vaso- 
depressor syncope remains unknown. Although other 
studies report increases in circulating epinephrine in asso- 
ciation with vasodepressor syncope, the results of this 
study suggest that additional factors are important. 
These factors may include a marked withdrawal of vagal 
tone in conjunction with an increase in circulating epi- 
nephrine, which together may lead to a more marked 
tachycardia and, in turn, trigger a vasodepressor re- 
sponse. It is also possible that a second neurohumoral 





substance, such as arginine vasopressin, may sensitize the 
mechanoreceptors and thereby lower the threshold for 
triggering the vasodepressor response. 


1. Almquist A, Goldenberg IF, Milstein S, Chen M, Chen X, Hansen R, Gornick 
CC, Benditt DG. Provocation of bradycardia and hypotension by isoproterenol 
and upright posture in patients with unexplained syncope. N Eng! J Med 
1989:320:346-351. 

2. Waxman MB, Yao L, Cameron DA, Wald RW, Roseman J. Isoproterenol 
induction of vasodepressor-type reaction in vasodepressor-prone persons. 4m J 
Cardiol 1989;63:58-65. 

3. Fitzpatrick A, Sutton R. Tilting towards a diagnosis in recurrent unexplained 
syncope. Lancet 1989;1:658-660. 

4. Kenny RA, Bayliss J, Ingram A, Sutton R. Head-up tilt: a useful test for 
investigating unexplained syncope. Lancet 1986;1:1352-1354. 

5. Milstein S, Reyes WJ, Benditt DG. Upright body tilt for evaluation of patients 
with recurrent, unexplained syncope. PACE 1989;12:117-124. 

6. Stratton JR, Pfeifer MA, Ritchie JL, Halter JB. Hemodynamic effects of 
epinephrine: concentration-effect study in humans. J Appl Physiol 1985;58:1199- 
1206. 

7. Sharpey-Schafer EP, Hayter CJ, Barlow ED. Mechanism of acute hypotension 
from fear or nausea. Br Med J 1958:878-880. 

8. Graham DT, Kabler JD, Lunsford L. Vasovagal fainting: a diphasic response. 
Psychosom Med 1961;23:492-507. 

9. Vingerhoets AJJM. Biochemical changes in two subjects succumbing to synco- 
pe. Psychosom Med 1984;46:95-103. 

10. Thames MD. Effect of d- and 1-propranolol on the discharge of cardiac vagal 
C fibers. Am J Physiol 1980;7:H465-H470. 

11. Barron KW, Bishop VS. The influence of vagal afferents on the left ventricu- 
lar contractile response to intracoronary administration of catecholamines in the 
conscious dog. Circ Res 1981;49:159-169. 

12. Paley W, McDonald IG, Blumenthal J, Mailhot J. The effects of posture and 
isoproterenol on the velocity of left ventricular contraction in man. J Clin Invest 
1971;50:2283-2293. 





Frequency of Valvular Regurgitation by Color Doppler 
Echocardiography in Systemic Lupus Erythematosus 


Katsuaki Enomoto, MD, Yoshikazu Kaji, MD, Takehito Mayumi, MD, Yasuo Tsuda, MD, Shozo Kanaya, 
MD, Kohei Nagasawa, MD, Takehiko Fujino, MD, and Yoshiyuki Niho, MD 


W: studied valvular regurgitation in patients with 
systemic lupus erythematosus (SLE) by color Dop- 
pler echocardiography. Because valvular regurgitation 
occurs frequently in normal subjects,!? we matched the 
patients by age with a control group. Furthermore, the 
same person examined both patients and normal subjects 
using the same Doppler echocardiographic apparatus. 
The patients were 43 women with stable SLE (18 to 
29 years, 14; 30 to 39 years, 13; 40 to 49 years, 16). All 
fulfilled the 1982 American Rheumatism Association 
criteria for the diagnosis of SLE. We judged as stable 
patients with SLE whose values of erythrocyte sedimen- 
tation rate and complements were normal or had not 
changed for a few months and whose clinical symptoms 
did not deteriorate. They underwent echocardiography, 
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chest x-ray, standard 12-lead electrocardiography, pho- 
nocardiography, blood and urine analyses and serum 
chemistry analysis. Normal subjects comprised 93 wom- 
en (18 to 29 years, 23; 30 to 39 years, 43; 40 to 49 years, 
27) who had no history of heart disease, hypertension or 
other medical problems, and who underwent blood pres- 
sure measurement, urine analysis, chest x-ray and elec- 
trocardiography. M-mode, 2-dimensional and Doppler 
echocardiographic studies were performed with a 
SSHI160A (Toshiba, Tokyo, Japan) using a 2-dimen- 
sional transducer (3.75 MHz) and a Doppler transducer 
(2.5 MHz). Echocardiography was performed on both 
patients and normal subjects in the partial left lateral 
decubitus position. The flow signal was judged as a 
regurgitation when it was observed as a regurgitant jet 
away from the valve by color Doppler echocardiography 
and when its duration was >100 ms by M-mode color- 
flow mapping. The severity of regurgitation was judged 
according to the classification by distance with pulsed- 
Doppler echocardiography.^-" Right ventricular systolic 
pressure was ascertained by measuring the pressure gra- 
dient between right ventricular and right atrial systolic 
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18-29 
SLE 


Control 


30-39 
SLE 
Control 


Control 


Duration 
cf Disease 


(yr) 


* p <0.05 patients vs control subjects. 
BSA = body surface area; CHsp = complement hemolytic activity; DBP = diastolic blood pressure; SBP = systolic blood pressure; Tx = therapy. 


Duration 


of Steroid 


Tx (yr) 


10,.3+6.5 


1.54+0.10 
1.56+0.10 


114+15 69413 
111 311 68t7 


1.58 € 0.12 11919 
1.52 € 0.10 


79 + 10* 
115+ 10 72+8 


1.58+0.11 
1.54+0.10 


125 € 14 80i 9 
122 € 14 76411 


TABLE ll Echocardiographic Findings and Frequency of Valvular Regurgitation 


Age 
(yr) 


18-29 
SLE 
Control 

30-39 
SLE 
Control 

40-49 
SLE 
Control 


LAD (cm) 


2.9 3: 0.26 
3.0 +0.23 


3.2 + 0.40 
3.1 1021 


3.2: 0.51 
3.3 + 0.31 


LVDd (cm) 


4.5 +0.32 
4.8 + 0.27 


4.5 + 0.38 
4.7 +0.27 


4.6 +0.45 
4.8 + 0.32 


LVEF (96) 


74.1 € 4.6 
75.64 4.1 


77.7 X43 
76.4 + 4.4 


7//94:5.7 
76.4 € 3.6 


AR (96) MR (96) TR (96) PR (%) 


* p «0.05. 
** p «0.01 patients vs control subjects. 


AR = aortic regurgitation; LAD = left atrial dimension; LVDd = left ventricular end-diastolic dimension; LVEF = left ventricular ejection fraction; MR = mitral regurgitation; PR = pul- 


monary regurgitation; SLE = systemic lupus erythematosus; TR = tricuspid regurgitation. 


pressure with continuous-wave Doppler echocardiogra- 
phy.’ Right ventricular systolic pressure was then deter- 
mined by the addition of 10 mm Hg (the assumed systol- 
ic pressure of the right atrium) to the pressure gradient. 
Data are expressed as mean + standard deviation. Stu- 
dent’s t test was used for paired samples. Comparison 
of subgroup proportions was performed by chi-square 
analysis with correction for continuity. 


SLE 
C] control 


Incidence of Regurgitation 





FIGURE 1. Incidence of valvular regurgitation in patients and 


gurgitation; PR = pulmonary regurgitation; SLE = systemic 
lupus erythematosus; 
**p «0.01. 
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The durations of disease and of steroid therapy cor- 
related positively (Table I). Diastolic pressure was high- 
er in patients than in normal subjects in the fourth de- 
cade of life (p «0.05), although there was no significant 
difference in blood pressure between patients and normal 
subjects in the other age groups. The incidence of mitral, 
tricuspid and pulmonary regurgitation was higher in 
patients than in normal subjects (53.5 vs 31.2%, p «0.05; 
74.4 vs 24.7%, p «0.01; and 79.1 vs 18.3%, p «0.01; 
respectively) (Figure 1), and similar tendencies were ob- 
served in each age group (Table IT). Aortic regurgitation 
was seen in 7% of patients and was not detected in nor- 
mal subjects. The incidence of right-sided regurgitation 
was higher than that of left-sided regurgitation in pa- 
tients. Mitral and tricuspid regurgitation (grade =2+) 
and more than mild pulmonary regurgitation were seen 
frequently in patients, although seldom in normal sub- 
jects (only tricuspid regurgitation, 2.2%) (Table III). 
However, cardiac chamber size did not dilate in most 
patients with regurgitation. The frequency of regurgitant 
valves in patients versus normal subjects was: 1 valve, 
14.0 vs 36.6%; 2 valves, 39.5 vs 10.8%; 3 valves, 37.2 vs 
5.4976; and 4 valves, 2.3 vs 0%. The incidence of multival- 
vular regurgitation increased progressively as the dura- 
tion of disease progressed: 62% in <5 years, 84% in >5 
years to <10 years, and 91% in >10 years. There were no 
significant differences in age and the duration of disease 
among patient groups with or without mitral regurgita- 
tion. However, the duration of disease was significantly 
longer in the group with than without tricuspid regurgi- 
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tation. Age and the duration of disease tended to be 
longer in the group with than without pulmonary regur- 
gitation. In 4 of 24 patients with tricuspid regurgitation, 
right ventricular systolic pressure was >30 mm Hg. 

Mitral valve prolapse was present in 7% (control 
subjects 5%, difference not significant), mitral valve 
thickening in 7% and tricuspid valve prolapse in 2% of 
patients. 

It has been reported that Libman-Sacks endocarditis 
was present in 13 to 50% of patients with SLE at autop- 
sy.>!0 However, because verrucous vegetations were 3 to 
4 mm in many cases, they had been difficult to detect 
clinically. Mitral valve thickening could be detected in 
only 7% of our patients. We have shown that the inci- 
dence of mitral, tricuspid and pulmonary regurgitation 
was higher in patients than in normal subjects in each age 
group, and that the degree of regurgitation was more 
severe in patients than in normal subjects. Mitral regurgi- 
tation was detected in about half of the patients in each 
age group. Doherty and Siegel!! reported that the inci- 
dence of Libman-Sacks endocarditis was 26% in the mi- 
tral valve and 4.6% in the aortic valve in autopsies of 
patients with SLE in the steroid era, according to previ- 
ous reports. In addition, they pointed out valvulitis, fibro- 
sis and mucoid degeneration. Left ventricular chamber 
size of 3 patients with aortic regurgitation was not differ- 
ent from that in normal subjects, and their blood pressure 
values were normal. Therefore, aortic regurgitation was 
not caused by a change in left ventricular chamber size or 
by hypertension. Although we did not detect endocardial 
lesions directly, mitral and aortic regurgitation might 
relate to endocarditis and valvulitis. The higher incidence 
of mitral regurgitation compared with the frequency of 
the Libman-Sacks lesion at necropsy might imply that 
mitral regurgitation in our patients was partly due to 
physiologic regurgitation, as seen in normal subjects. The 
absence of a distinct enlargement of the left atrium or 
ventricle is consistent with this. 

Right-sided regurgitation, however, may not be ex- 
plained by only pathologic valvular changes, because the 
incidence of regurgitation was too high compared with 
that of Libman-Sacks endocarditis (2.9% in the tricuspid 
valve and 1.3% in the pulmonic valve) at autopsy.'! Gross 
et al? found pulmonary vascular lesions in 46.5% of 
patients with SLE at autopsy and Fayemi!? found them 
in 40% of patients at autopsy. Pulmonary hypertension 
has been described as one of the causes of pulmonary 
regurgitation and elevated right ventricular systolic pres- 
sure as one of the causes of tricuspid regurgitation.'^ 
Simonson et al? reported that right ventricular systolic 
pressure was >30 mm Hg in 15% of SLE patients with 
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TABLE Ill Incidence of Mitral and Tricuspid Regurgitation 
(Grade 22+), and More Than Mild Pulmonary Regurgitation in 
Patients with Systemic Lupus Erythematosus 


MR (%) TR (%) PR (96) 


Abbreviations as in Table Il. 


tricuspid regurgitation and was higher in patients with 
SLE than in normal subjects. In our study, 4 of 24 pa- 
tients with tricuspid regurgitation had a high (>30 mm 
Hg) right ventricular systolic pressure. The incidence of 
right-sided regurgitation might relate to pulmonary vas- 
cular lesions and increased pulmonary arterial pressure. 
To clarify the relations among valvular regurgitation and 
endocarditis, valvulitis and pulmonary lesions, further 
investigation is necessary. 
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Briet Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

ACTIVASE® is also indicated in the management of acute massive pulmonary embolism (PE) in 
adults: for the lysis of acute pulmonary emboli, defined as obstruction of blood flow to a lobe or 
multiple segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 
hemodynamics, i.e., failure to maintain blood pressure without supportive measures. The diagnosis 
should be confirmed by objective means, such as pulmonary angiography or noninvasive procedures such 
as lun d 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE” 
is contraindicated in the following situations: - Active internal bleeding + History of cerebrovas- 
cular accident - Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) * Intracranial neoplasm, arteriovenous malformation, or aneurysm * Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE* it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE* and 
qii concomitant heparin should be terminated immediately. 

ach patient being considered for therapy with ACTIVASE* should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: « Recent (within 10 days) major surgery, e.g., coronary artery bypass 
graft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vessels + Cerebrovas- 
cular disease * Recent (within 10 days) gastrointestinal or genitourinary bleeding * Recent (within 10 
days) trauma * Hypertension: systolic BP 180 mm Hg and/or diastolic BP=110 mm Hg * High 
likelihood of left heart thrombus, e.g., mitral stenosis with atrial fibrillation * Acute pericarditis « 
Subacute bacterial endocarditis « Hemostatic defects including those secondary to severe hepatic or 
renal disease * Significant liver dysfunction + Pregnancy * Diabetic hemorrhagic retinopathy, or other 
hemorrhagic ophthalmic conditions + Septic thrombophlebitis or occluded AV cannula at seriously 
infected site « Advanced age, i.e., over 75 years old + Patients currently receiving oral anticoagulants * 
n other condition in which bleeding constitutes a significant hazard or would be particularly 
difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE* are administered. 
Pulmonary Embolism It should be recognized that the treatment of pulmonary embolism with 
ACTIVASE® Alteplase, has not been shown to constitute adequate clinical treatment of underlying 
deep vein thrombosis. Furthermore, the possible risk of reembolization due to the lysis of underlying 
deep venous thrombi should be considered. 

PRECAUTIONS: General Standard management of myocardial infarction or pulmonary embolism 
should be implemented concomitantly with ACTIVASE® treatment. Noncompressible arterial punc- 
ture must be avoided. Arterial and venous punctures should be minimized. In the event of serious 
bleeding, ACTIVASE* and heparin should be discontinued immediately. Heparin effects can be 
reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE* If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE* has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE* with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
(such as acetylsalicylic acid, dipyridamole) may increase the risk of bleeding if administered prior to, 
during or after ACTIVASE* therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE* alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE* It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
o o etl reproduction capacity. ACTIVASE* should be given to a pregnant woman only if 
clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE* in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE* and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
" nee ros was evidenced only after prolonged exposure and only at the highest concentra- 

ons tested. 
Nursing Mothers It is not known whether ACTIVASE* is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 


ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites » Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 
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The incidence of intracranial bleeding in patients treated with ACTIVASE* Alteplase, recombinant, is as follows: 


Dose Number of Patients - 926. 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE* should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials! is not signficantly different in the ACTIVASE* treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE* therapy. Therefore, ACTIVASE* therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: ACTIVASE* is for intravenous administration only. ACUTE MYOCAR- 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible after the onset of symptoms. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by intravenous infusion 
over two hours. Heparin therapy should be instituted or reinstituted near the end of or immediately 
following the ACTIVASE* infusion when the partial thromboplastin time or thrombin time returns to 
twice normal or less. 


A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE* be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
eec. mg/mL at approximately pH 73. The osmolality of this solution is approximately 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an alternative, the reconsti- 
tuted solution may be diluted further immediately before administration in an equal volume of 0.9% 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP to yield a concentration of 0.5 
mg/mL. Either polyvinyl chloride bags or glass bottles are acceptable. ACTIVASE* is stable for up to 
8 hours in these solutions at room temperature. Exposure to light has no effect on the stability of 
these solutions. Excessive agitation during dilution should be avoided; mixing should be accom- 
plished with gentle swirling and/or slow inversion. Do not use other infusion solutions, e.g., Sterile 
Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE* Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE* is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE* at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 
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Hemodynamic Study During Upright Isotonic Exercise Before and Six 
Months After Dynamic Cardiomyoplasty for Idiopathic Dilated 
Cardiomyopathy or Chagas' Disease 


Edimar Alcides Bocchi, MD, Luiz Felipe Moreira, MD, Giovanni Bellotti, MD, Antonio C.P. Barreto, MD, 
Luiz G.S. Azul, MD, Noedir Stolf, MD, Adib Jatene, MD, and Fulvio Pileggi, MD 


D» cardiomyoplasty is a new surgical procedure 
proposed for treatment of patients with congestive 
heart failure.! Recently, studies have shown improvement 
in functional class in selected patients after surgery.” The 
hemodynamic effects of cardiomyoplasty during exercise 
have not been documented. We report hemodynamic re- 
sults in 3 patients during treadmill upright exercise before 
and after dynamic cardiomyoplasty. 

Three men, aged 46, 49 and 44 years, underwent 
cardiomyoplasty for treatment of New York Heart As- 
sociation class III heart failure. They were studied inva- 
sively in the upright position and during maximal iso- 
tonic upright exercise before and 6 months after the 
procedure (3 months with maximal muscle flap stimula- 
tion). The cause was idiopathic cardiomyopathy in 2 and 
Chagas' disease in 1. Before cardiomyoplasty, all had 
been receiving digoxin, 0.25 mg/day, a diuretic drug (fu- 
rosemide 40 to 60 mg/day), an angiotensin-converting 
enzyme inhibitor (captopril 36 to 75 mg/day) and potas- 
sium chloride. The clinical treatment and care remained 
the same and in 2 patients the diuretics were reduced 
after cardiomyoplasty. The New York Heart Associa- 
tion functional classes for the patients were I, II and II, 
respectively, during the month of study after surgery and 
pacing continued during follow-up. Patients underwent 
right-sided cardiac catheterization with a Swan-Ganz 
catheter and radial artery cannulation. The following 
pressure parameters were obtained: mean pulmonary ar- 
tery, diastolic and systolic pulmonary artery, pulmonary 
artery wedge, right atrial and mean radial blood pres- 
sures. Pressures were measured in mm Hg using a Hew- 
lett-Packard strain gauge and recorded on a direct-writ- 
ing Hewlett-Packard multigraph. Mean pressures were 
obtained by electronic integration. Zero reference was 
chosen at a 5-cm level vertically beneath the sternal 
angle. Heart rate (beats/min) was determined from the 
electrocardiographic signal and cardiac output (liters/ 
min) by the thermodilution method. Pulmonary vascu- 
lar resistance, systemic vascular resistance (in Wood 
units) and stroke volume (ml/beat) were calculated ac- 
cording to standard formulas. Minute oxygen consump- 
tion and minute carbon dioxide production (VCO») were 
measured with a Beckman metabolic cart equipped with 
a Beckman OM-11 oxygen analyzer and a Beckman LB- 
2 carbon dioxide analyzer (in ml/kg/min). A plateau of 
oxygen consumption rate (VO2) and a disproportionate 
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increase in VCO; signaled the onset of anaerobic metab- 
olism and maximal exercise capacity (VO2max). Car- 
diomyoplasty was performed in accordance with the re- 
inforcement technique described by Carpentier? and 
Chachques? and their co-workers. The left latissimus 
dorsi muscle was dissected, preserving the superior neu- 
rovascular pedicle, and transposed into the left hemi- 
thorax after the implantation of 2 juxtaneural intra- 
muscular electrodes (Medtronic SP 5528) for pacing. 
The ventricular reinforcement was then performed with 
the latissimus dorsi muscle wrapped around the ventric- 
ular surface, fixed along the posterior atrioventricular 
line and anterior wall of the right ventricle. An intramyo- 
cardial sensing lead (Medtronic SP 5548) was implant- 
ed in the right ventricle. The cardiomyostimulator Med- 
tronic SP 1005 was used for flap stimulation. The skele- 
tal muscle flap started to be electrically stimulated 2 
weeks after the operation according to a conditioning 
protocol proposed by Chachques,’ after which the car- 
diomyostimulator was kept permanently in operation. 
At the time of the study, 6 months after the cardiomyo- 
plasty, the stimulation indexes were: synchronization de- 
lay, 4 ms; pulse amplitude, 4.5, 5 and 6 V; pulse width, 
210 ms; burst rate, 30 Hz; and burst duration, 185 ms. 
The muscle was paced in a 1-to-1 mode with the heart 
rate <100 beats/min and a 2-to-1 mode 7100 beats/min. 
Left ventricular ejection fraction (%) by radionuclide 
ventriculography of each patient at rest was 19, 28 and 
25 before cardiomyoplasty, and 30, 41 and 40, respec- 
tively, after the intervention. The VO2max before the 
surgery was 16, 14 and 13, and after the procedure it was 
17, 19 and 21, respectively. The study was performed at 
rest in the upright position and during maximal exercise 
on a treadmill according to the Naughton protocol.* 
The results of this study are summarized in Table I. 
Heart rate and the mean radial blood pressure increased 
with exercise both before and after cardiomyoplasty. 
Right atrial, mean pulmonary artery and pulmonary 
artery wedge pressures at rest decreased after cardio- 
myoplasty. After surgery, these values increased with 
exercise but they were lower than those obtained in the 
same condition before surgery. There was a great im- 
provement in cardiac output during exercise after the 
cardiomyoplasty. Exercise stroke volume increased af- 
ter the procedure. The reduction in systemic vascular 
resistance during exercise remained. The effect of car- 
diomyoplasty on pulmonary artery wedge pressure and 
cardiac output (Table T) showed a shift up and to the left 
in the left ventricular function curve during exercise. 
Patients with chronic heart failure are frequently lim- 
ited during exertion.? Previous studies have demonstrated 
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TABLE I Hemodynamic Effects of Cardiomyoplasty During Exercise 


4.9 
4.2 


2.6 
2.7 


4.18 
3.4 


9.18 
18.1 


5.48 
TEES 


6.95 
11.11 


AP = radial artery pressure (mm Hg); CO = cardiac output (liters /min); E = maximal upright exercise; HR = heart rate (beats/min); PAP = mean pulmonary artery pressure; 
POST = 6 months after cardiomyoplasty with pacing continued; PRE = before cardiomyoplasty; PVR = pulmonary vascular resistance (Wood units); R = upright position at rest; 
RAP = right atrial pressure; SV = stroke volume (ml / beat); SVR = systemic vascular resistance (Wood units); PAWP = pulmonary artery wedge pressure. 





an increase in cardiac output, right atrial, pulmonary 
artery and pulmonary artery wedge pressures, heart rate 
and stroke volume, and a decrease in systemic vascular 
resistance with exercise." Some researchers have also 
noted that the exercise capacity of patients with heart 
failure is limited by inadequate oxygen transport to work- 
ing muscle. During exercise, oxygen delivery to the mus- 
cle is determined by cardiac output and the capacity of 
muscle to extract oxygen. With exhaustion of oxygen 
extraction, the exercise tolerance in congestive heart fail- 
ure is related to cardiac output during exercise.’ Heart 
rate and the stroke volume determine the cardiac output. 
In normal men, the increase in cardiac output during 
maximal exercise results from an increase in heart rate 
(2.5-fold) and a minor increase in left ventricular stroke 
volume (1.4-fold).5 In patients with heart failure and 
exercise intolerance, the increase in cardiac output results 
from a minor increase in heart rate (1.37 to 1.43-fold) 
and an increase in left ventricular stroke volume (1.5 to 
1.59-fold). In this study of 3 patients with heart failure, 
the cardiomyoplasty determined a great increase during 
maximal exercise, an increase in VO max and exercise 
tolerance. However, the improvement in exercise cardiac 
function resulted from a great increase in stroke volume 
(3.2-fold) and an increase in heart rate (1.5-fold). These 
results were distinct from those reported in normal men 
and patients with heart failure. The improvement after 
cardiomyoplasty may be due to muscle flap contraction 
simultaneously with cardiac contraction, prevention of 
further dilation of the failing heart and decrease of left 
ventricular stress by reinforcement of the myocardium. ! 
However, the increase in right atrial, pulmonary artery 
and pulmonary artery wedge pressures during exercise 
suggests that dynamic cardiomyoplasty did not affect the 
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diastolic as much as the systolic cardiac function, because 
the increase in cardiac output was followed by an abnor- 
mal increase in the pressures. The increase in pressures 
could be due to the experimentally obtained impaired 
muscle flap relaxation velocity,’ or persistent diastolic 
disfunction of cardiomyopathy. 

Thus, a marked improvement in systolic function dur- 
ing exercise (cardiac output and VO» increased) occurred 
after cardiomyoplasty. Impaired diastolic function re- 
mained but was minor. Right atrial, pulmonary artery 
and pulmonary artery wedge pressures decreased in the 
resting position and increased less during exercise after 
cardiomyoplasty. The improvement was more evident 
during exercise. 
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Prognosis of Nonobstructive Hypertrophic Cardiomyopathy 


Leon A. Aron, MD, Harry L. Hertzeanu, MD, Enrique Z. Fisman, MD, llan S. Nosrati, MD, 


and Jan J. Kellermann, MD 


mong primary cardiac diseases, hypertrophic cardio- 

myopathy (HC) is known for its diverse clinical 
manifestations! and different morphologic aspects.? The 
clinical picture ranges from an asymptomatic form, cor- 
responding with a mild, nonobstructive ventricular septal 
hypertrophy, to the disabled patient with impaired cardi- 
ac function or even sudden death,? when a massive myo- 
cardial thickening and a very small left ventricular cavity 
can be found.^ Scarce data are available about the natu- 
ral history of mild, nonobstructive HC. The present 
study explores this abnormality to see if it progresses to 
a more severe form of HC and if it results in any compli- 
cations. 

During a 17-year period, 436 patients with different 
minor conduction disturbances, such as incomplete right 
or left bundle branch block, left anterior fascicular 
block, and grade I atrioventricular block, and 937 pa- 
tients with nonspecific ST-T segment changes? found on 
a 12-lead standard electrocardiogram were referred to 
our institute for further investigation. A mild, asymmet- 
ric septal hypertrophy without apparent cause was found 
in 25 male patients. They represent the subject of our 
report. Mean age at inclusion into the study was 52 + 7 
years. Mean follow-up lasted 9 + 5 years. Of the 25 
patients, 2 complained of general fatigue, 1 of faintness 
during dental treatment and blood tests, 5 of atypical 
chest pains and 2 of mild angina pectoris; 15 were 
asymptomatic. One patient had a sister with a congenital 
heart disease, and 7 had family histories of either hyper- 
tension, non-insulin-dependent diabetes mellitus, coro- 
nary artery disease or gout. No cases of sudden deaths 
were found among the patients' relatives. A 2 to 3/6 
mitral systolic murmur was heard in 10 patients; one of 
these 10 had also had an S4 at the apex. In 3 others, a 2/6 
systolic murmur was localized at the left inferior sternal 
border. In the remaining 12, physical examination of the 
heart was not remarkable. Patients also underwent rou- 
tine blood tests, 12-lead standard electrocardiography, 
a submaximal exercise test on a mechanically braked 
ergometric bicycle, 48-hour ambulatory electrocardio- 
graphic monitoring, a Doppler echocardiographic exam- 
ination and radionuclide ventriculography with techne- 
tium-99m. Patients were excluded if they had dispro- 
portionate septal hypertrophy secondary to valvular ac- 
quired or congenital heart diseases, hypertension, coro- 
nary artery disease or chronic obstructive lung disease. 
Electrocardiographic changes observed when the study 
commenced are listed in Table I. The QT interval was 
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normal in all patients. Electrocardiograms recorded 
during physical effort revealed an ST-segment depres- 
sion, flat or negative, of <1 mm in 6 patients, asymmet- 
ric T wave in 4, and rhythm disturbances (supraventricu- 
lar tachycardia in 1, supraventricular premature con- 
tractions in 1 and monofocal ventricular premature 
contractions in 6). The electrocardiogram remained nor- 
mal in 7 patients. Ambulatory electrocardiography dis- 
closed rhythm disturbances in 16 of 25 patients (64%): 
atrial premature beats in 5, bouts of supraventricular 
tachycardia and paroxysmal atrial fibrillation in 1, iso- 
lated, monofocal ventricular premature contractions in 9 
and a number of couplets in 1. In only 1 patient was a 
single run of 3 consecutive ventricular premature con- 
tractions noted. No arrhythmias were observed in the 
other 9 patients. 

Echocardiography revealed a mean septal thickness 
of 15 + 0.3 mm. Mean septal/posterior wall thickness 
ratio was 1.5 + 0.2 mm. In 23 patients the septal hyper- 
trophy was localized at the upper third and in the other 2 
it involved the entire septum. In none of our patients was 
a systolic anterior motion of the anterior mitral leaflet 
noted. No gradient was found between the left ventricu- 
lar outflow tract and the aorta at Doppler examination, 
neither under basal conditions nor during Valsalva ma- 
neuver. Echocardiography revealed mild mitral regurgi- 
tation in 6 patients, mild mitral and aortic regurgitation 
in 4, mitral and tricuspid regurgitation in 2 and a mild 
aortic regurgitation in 1. None of these valvular regurgi- 
tations had hemodynamic significance, and the heart 
chambers were not enlarged. Radionuclide ventriculo- 
grams were normal. None of the patients had wall con- 


TABLE I Electrocardiographic Aspects at Rest in 25 Patients 
with Nonobstructive Cardiomyopathy 


No. of 


At Inclusion Pts. 


Conduction disturbances 

Incomplete left BBB 

Incomplete right BBB 

Left anterior hemiblock 

Incomplete right BBB - left anterior hemiblock 
Nonspecific T-wave changes 
Conduction disturbances + nonspecific T-wave changes 


New Changes During Follow-Up 


Left anterior hemiblock + grade | atrioventricular block 
New nonspecific T-wave changes 

Left anterior hemiblock + nonspecific T-wave changes 
Septal Q waves 

Delayed R-wave progression in leads V;—V3 

No changes 


BBB = bundle branch block. 
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traction abnormalities or a reduced ejection fraction at 
rest or during effort. When patients were enrolled in the 
study, 21 were in New York Heart Association function- 
al class I and 4 were in class II. 

During follow-up, new diseases (hypertension, non- 
insulin-dependent diabetes mellitus, hyperuricemia, 
prostatic cancer, depression) appeared, but no cardiac 
events were observed. Additional electrocardiographic 
abnormalities at rest were noted in 22 patients during the 
same period of time and are listed in Table I. In 3 
patients, the electrocardiogram remained unchanged. A 
horizontal ST depression of 1 to 2 mm, not accompanied 
by chest pains, was noted in 3 patients during effort, and 
a rate-dependent right bundle branch block was noted in 
another. Radionuclide ventriculography remained nor- 
mal in all patients. No progression of septal thickness to 
obstruction was observed on echocardiograms. A 20 to 
70% improvement of functional capacity was observed in 
3 of the 4 functional class II patients; no change was 
observed in the fourth. 

The nonobstructive form of HC is not as rare as was 
initially believed, and left ventricular obstruction is ab- 
sent in a large population of patients with HC.’ Among 
the patients with HC investigated at our institute, 26% 
had no signs of obstruction, but because echocardiograms 
could not be recorded in all patients with minor electro- 
cardiographic abnormalities, the real incidence of HC 
without obstruction is uncertain. Nonobstructive septal 
hypertrophy is sometimes familial* but others?? found 45 
to 65% of cases to be nonfamilial and of uncertain etiolo- 
gy. We found that only 1 of our patients had a sister who 
had a congenital heart disease. The reported gender dis- 
tribution shows a clear preponderance of men!?; in our 
study all patients were men. Among 7 patients complain- 
ing of chest pains, 2 had pains during daily activities 
compatible with angina pectoris. Intramural coronary 
artery changes,!! impairment of coronary vascular re- 
serve! or impaired capacity for glucose utilization!? are 
different, supposed mechanisms of myocardial ischemia 
and angina in patients with HC. However, we found no 
objective proof of ischemia to explain the angina pec- 
toris, because electrocardiographic testing during exer- 
cise revealed no ST-T ischemic changes and contraction 
abnormalities were not found with radionuclide ventric- 
ulography. 

A broad spectrum of nonspecific electrocardiographic 
abnormalities has been observed in patients with HC.!^4 
All of our patients had an abnormal electrocardiogram 
and this was actually the reason for further investigation. 
During the follow-up period the only objective signs of an 
evolution were the new electrocardiographic changes, 
most frequently T-wave changes only, or changes associ- 
ated with conduction disturbances, or delayed R-wave 
progression in leads V, to V3. During the same period of 
time, neither new cardiac events nor an aggravation of the 
complaints existing at the beginning of the study were 
observed. An improvement of functional capacity was 
noted in the 3 patients included in New York Heart 
Association class II. A benign clinical course? or an 
improvement over a period of 5 to 10 years has also been 
observed.!6 The ventricular arrhythmias found in our pa- 
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tients were of Lown grade I to II and none of them had 
left ventricular outflow tract obstruction. Lazzeroni et 
al!” found that grade III to IV ventricular arrhythmias 
occurred significantly more frequently in patients with 
extensive rather than only septal hypertrophy. Relations 
between sudden cardiac death and outflow tract obstruc- 
tion, and between sudden cardiac death and impairment 
of ventricular filling or reduction of left ventricular vol- 
ume were initially implicated,!* but the real mechanism 
of sudden death is considered to be complex or threaten- 
ing ventricular arrhythmias, or both.!? Electrophysiologic : 
abnormalities causally related to syncope and sudden 
death were documented by Fananapazir et al.?? The gen- 
erally low incidence of ventricular arrhythmias and the 
absence of threatening arrhythmias, in particular, could 
explain why no sudden deaths occurred among our pa- 
tients. 

Considering (1) the clinical picture (low incidence of 
mild or nonspecific subjective complaints), (2) the mild 
electrocardiographic abnormalities (nonspecific T-wave 
changes or minor conduction disturbances, or both), (3) 
the low incidence of arrhythmias in general and of threat- 
ening ventricular arrhythmias in particular, (4) the echo- 
cardiographic changes (mild asymmetric septal hypertro- 
phy, most often at the subaortic region), and (5) the 
favorable evolution (no obstruction, congestive heart fail- 
ure or sudden death), we conclude that our patients with 
nonobstructive HC represent a particular subgroup with 
a benign prognosis during approximately 9 years of close 
follow-up. 
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Left Ventricular Function in Patients >20 Years of Age with Ebstein’s 


Anomaly of the Tricuspid Valve 


Anita Saxena, DM, Lance V. Fong, FRACP, Maria Tristam, PhD, Duncan M. Ackery, FRCR, and 


Barry R. Keeton, FRCP 


T here have been few reports of left ventricular (LV) 
abnormalities in patients with Ebstein's anomaly of 
the tricuspid valve.!? We studied LV function by echo- 
cardiography and radionuclide imaging in 8 patients >20 
years of age with this abnormality. 

Eight patients (4 men and 4 women) aged 21 to 54 
years with Ebstein's anomaly of the tricuspid valve as 
the isolated lesion proven by echocardiography were re- 
viewed. Each patient underwent a clinical cardiac assess- 
ment, electrocardiography and a chest x-ray. 

Two-dimensional echocardiography, Doppler and 
color flow mapping were performed. The size of the 
atrialized right ventricle and the degree of the tricuspid 
valve displacement (the ratio of mitral valve-to-apex 
versus tricuspid valve-to-apex distance) was estimated 
from the apical 4-chamber view (Figure 1). The motion 
of the ventricular septum and LV posterior wall were 
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FIGURE 1. Apical 4-cham- 
bered view (left) and illustra- 
tion (right) showing echocar- 
diographic measurements. 
ARV = atrialized right ventri- 
cle; LA = left atrium; LV = 
left ventricle; MV = mitral 
valve; RA - right atrium; RV 
= right ventricle; TV = tri- 
cuspid valve. 
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analyzed. LV dimensions were measured, although 
shortening fractions could not be meaningfully calculat- 
ed because of paradoxical ventricular septal motion. The 
degree of tricuspid regurgitation was quantified on 
Doppler and color flow mapping and the right ventricu- 
lar systolic pressure estimated from the regurgitant jet 
velocity. 

A multigated radionuclide cardiac blood pool study 
of the left ventricle was carried out using technetium- 
99m in vivo labeled autologous red blood cells. Images 
were acquired with a gamma camera in the left anterior 
oblique view with craniocaudal tilt to separate the 2 
ventricles. Gating of the cardiac images was obtained at 
the R wave and a resting LV ejection fraction was calcu- 
lated. 

Regional wall motion abnormalities were detected by 
cine loop images together with phase and amplitude 
studies. In the amplitude image, the amplitude of the 
time activity curve is assigned a value that is plotted on a 
color scale (a red-colored area indicates greatest ampli- 
tude and a blue area indicates least movement). Poorly 
contractile regions of the left ventricle have disturbance 
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FIGURE 2. Radionuclide left ventriculography from 3 study patients showing normal function, regional dyskinesia and global hy 


pokinesia 


in the normal color distribution. The phase image is 
color-coded according to the timing of movement rela- 
tive to the R wave of the electrocardiogram. The atria 
are therefore distinguishable from the ventricles and 
dyskinetic regions can be identified. 

On echocardiography the size of the atrialized right 
ventricle varied from 15 to 44 mm. The tricuspid valve 
displacement, estimated as a ratio, ranged from 1.5 to 
2.8. Moderate to severe tricuspid regurgitation was pres- 
ent in 6 patients and mild in 2. The regurgitant jet veloci- 
ty was <2.5 m/s in each patient. The ventricular septal 
motion was markedly paradoxical in all patients at the 
level of the atrialized right ventricle and was flat or 
greatly reduced below the level of displaced tricuspid 
valve attachmeni. LV posterior wall motion was signifi- 
cantly reduced in 2 patients, although the end-diastolic 
dimensions were within the normal range for body sur- 
face area in all patients.’ 

The resting LV ejection fraction by radionuclide scin- 
tigraphy varied from 28 to 71% (median 46%) and was 
subnormal (<50%) in 5 patients. A low ejection fraction 
could not be correlated with either the severity of tricus- 
pid valve displacement or tricuspid regurgitation by 
echocardiography. Amplitude and phase image analysis 
detected global hypokinesia in 2 patients and regional 
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dyskinesia of the upper septal and lateral wall in . 
(Figure 2). Two of these 5 patients had normal LV ejec 
tion fractions. Thus, 7 of 8 patients in this study hat 
either a subnormal ejection fraction or regional wal 
motion abnormalities. 

One patient in this series died suddenly. He had had i 
low LV ejection fraction (28%) and global hypokinesi: 
on radionuclide imaging. An autopsy revealed extensiv. 
myocardial fibrosis of the left ventricle with wide sepa 
ration of remaining myocardial fibers in addition to th. 
typical features of Ebstein's anomaly of the tricuspi 
valve. The coronary arteries were normal. 

It is now well established that volume overloading o 
the right ventricle may affect LV function.^? This ha: 
also been reported in Ebstein's anomaly! but it has beer 
difficult to recognize on a routine clinical basis. Echocar 
diography has not proved as helpful for assessing L' 
function in patients with volume overloading of the righ 
ventricle.? In Ebstein's anomaly, the abnormal ventricu 
lar septal motion makes assessment of LV performanc 
difficult. In this study there was no echocardiographi 
parameter that permitted correlation with a subnorma 
LV ejection fraction on radionuclide imaging. 

Radionuclide imaging is a valuable technique for as 
sessing LV function in this group of patients despite wal 


ee 


motion abnormalities. Over 60% of our patients have 
suboptimal LV ejection fractions. A similar study of 7 
adult patients also found low ejection fractions in 5 

Regional wall motion abnormalities occur often in 
these patients. They are observed even in patients with 
normal resting LV ejection fractions. Anomalies of LV 
contour and contraction pattern have also been described 
previously in 12 of 13 patients with Ebstein’s anomaly 
studied by angiography.! In our series, because 5 of 7 
patients with regional wall motion abnormalities were 
<40 years, LV dysfunction is unlikely to be related to 
coronary artery disease. These findings indicate an im- 
portant LV problem, as was recognized in 1 of our pa- 
tients at autopsy. 

We conclude that LV function may be significantly 
altered in older patients with Ebstein's anomaly of the 
tricuspid valve and can be difficult to recognize clinically 


or on echocardiography. Radionuclide imaging of the left 
ventricle is the investigation of choice. 
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ST-Segment Depression After Cardiac Transplantation and Its 
Usefulness as an Indicator of Acute Rejection 


Bernd Heublein, MD, Jorg Winter, Josef Kemnitz, MD, PhD, Thorsten Wahlers, MD, 


and Axel Haverich, MD 


he so-called Hannover classification of rejection in 

cardiac allografts! describes degrees of acute rejec- 
tion with different frequencies of conversion into the 
forms of rejection that require therapy, where AO, Al, 
A2, A3, A4, A5a and AS5b denote no rejection, mild 
rejection, mild rejection with premyocytolysis, moderate 
rejection, severe rejection, early-resolving phase and late- 
resolving phase, respectively. During episodes of acute 
rejection, the small coronary vessels frequently show an 
inflammatory response. The presence of the more severe 
degrees of concomitant vasculopathy implies an aug- 
mented risk of conversion into the form of acute rejection 
that requires therapy in the resolving and the late-resolv- 
ing phases.) Various and different vasoactive mecha- 
nisms are obviously involved in the process of rejection, 
especially during the acute phase. Mediators of the eico- 
sanoid pathway? and of a-adrenergic stimulation* might 
be responsible for episodes of reduction in blood flow. ST- 
segment depression after transplantation should there- 
fore be expected, especially during active infiltrating pro- 
cesses in the myocardium. Based on these hypotheses, we 
studied heart transplant recipients using 24-hour ambu- 
latory electrocardiographic recordings to determine the 
frequency and time of ST-segment depression after heart 
transplantation in relation to postoperative intervals, and 
to reveal a possible correlation with active rejection-relat- 
ed processes (acute rejection at various histologic stages). 
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Seventy-seven patients (68 men, 9 women; mean age 
+ standard deviation 45 + 19 years) were examined 7 < 
X € 1,198 days after orthotopic heart transplantation. 
Patients were not treated with digitalis and all had 
a constant supraventricular rhythm. Duration of the 
QRS complex never exceeded 0.11 second. A total of 
144 ambulatory 24-hour electrocardiographic record- 
ings were analyzed using a 2-channel recording sys- 
tem (Spacelabs Arrhythmia Master I 90201, frequency 
spectrum 0.05 to 100 cycles). Endomyocardial biopsy 
specimens obtained from the right ventricle the same day 
served as a histologic reference.! Localization of the bi- 
polar electrodes corresponded roughly with leads V4 or 
Vs; the 2 negative electrodes were positioned at both 
sides of the sternum at the level of the manubrium. 
Visual monitor-supported control of electrocardiograms 
were used to identify the most suitable lead for ST- 
segment monitoring before fixation of the electrodes. 
Signal analysis was performed after the classification of 
the electrocardiogram had been corrected by the observ- 
er. The calibrated ST segment, measured 60 ms after the 
J point, was printed as a mean value at 10 minutes or 1- 
minute intervals in parallel to the actual heart rate. An 
additional control was achieved by printing the electro- 
cardiogram before, during and after the ST-segment 
depression (Figure 1). ST-segment depression was de- 
fined as a downward shift or slope of the ST segment 
from the baseline (21 mV) lasting for >5 minutes. To 
examine the influence of ongoing drug therapy (angio- 
tensin-converting enzyme inhibitors, calcium antago- 
nists) and of extracellular electrolyte concentrations 
caused by immunosuppression and concomitant diuretic 
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FIGURE 1. Computer printout of an original 24-hour ambulatory electrocardiogram (top half) before (a), during (b) and after (c) 
an episode of ST-segment depression. Bottom half, original electrocardiogram from before (time a) and during (time b) ST-seg- 


ment depression. 


therapy, respective data were analyzed concomitantly. 
Basic comparative statistics were calculated by t test 
(paired and unpaired data), chi-square test and regres- 
sion analysis. Continuous variables are presented as 
mean + standard deviation. 

In 17 of 144 ambulatory electrocardiographic re- 
cordings of 11 of 77 patients, 44 events of ST-segment 
depression were detected: 14 electrocardiograms re- 
vealed ST-segment depressions exclusively, whereas the 
remaining 3 electrocardiograms revealed ST-segment 
depressions as well as ST elevations (21 mV; 2:5 min- 
utes). The incidence of ST-segment depression varied 
between 1 and 5 episodes in a 24-hour period, with a 
duration of 5 to 138 minutes (29 + 28 minutes). The 
degree of ST-segment depressions ranged from —1.0 toa 
maximum of —3.2 mV. In comparing observed ST-seg- 
ment depressions with therapeutic-relevant acute rejec- 
tions (A3/A4), the specificity was relatively high (95%) 
and sensitivity low (15%). A comparison of ST-segment 
depression events and medical therapy at the time of 
observation, as well as serum-electrolyte concentrations 
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(sodium, potassium, calcium, magnesium), did not re- 
veal significant correlations. The distribution of S T-seg- 
ment depression events within the 24-hour time frame 
was similar to the pattern seen in coronary artery disease 
patients with silent myocardial ischemia (Figure 2). 

There was no correlation between ST-segment de- 
pressions and changes in heart rate before they occurred. 
However, during episodes of ST depressions, there was a 
significant increase in heart rate (in contrast to ST- 
segment elevation) (from 93 + 27 before to 102 + 28 
beats/min during; p <0.001). The incidence of supraven- 
tricular or ventricular arrhythmias, or both, was not 
influenced by ST-segment depressions. During S T-seg- 
ment depressions, there was a significant increase in R- 
wave amplitude, which was not seen during ST-segment 
elevations (18 + 6 before to 21 + 8 during; p <0.001). 
There was a strong correlation between ST-segment de- 
pressions and time (In) after transplantation (r = 0.936, 
intercept —11.1, slope 11.0; p <0.001). Thus, the inci- 
dence of S T-segment depressions decreased signifi cantly 
with time after operation. 


TABLE I Incidence of ST-Segment Depression in 24-Hour 
Ambulatory Holter Monitoring in Different Degrees of Acute 
Myocardial Rejection 


No. of 
Episodes 


Episodes 


Classification ECG (n) (96) 


A0/A1 
A2/A3/A4 
A5a/A5b 


Classes of rejection are based on the Hannover classification. 

AO = no rejection; Al = mild rejection; A2 = mild rejection with premyocytolysis; 
A3 = moderate rejection; A4 = severe rejection; A5a = early-resolving phase; A5b = 
late-resolving phase; ECG = electrocardiogram. 


Patients without histologic evidence of an active myo- 
cardial rejection (AO) never developed ST-segment de- 
pressions. The complete analysis of our data in terms of 
histologic diagnosis, including grades of rejection re- 
quiring additional immunosuppression (A3/A4), is sum- 
marized in Table I. A strong relation was documented 
between incidence of ST depression and different degrees 
of rejection activity (moderate and acute rejection [A3/ 
A4] as well as acute rejection in the resolving and late- 
resolving phases [A5a/A5b}). 

A connection should be expected between the func- 
tional abnormalities and the extension of the target struc- 
tures being affected in the acute rejection of the trans- 
planted myocardium. ST-segment depression after heart 
transplantation should therefore be expected to occur, 
especially during active infiltrating processes in trans- 
planted myocardium. Such a correlation with rejection 
processes, especially considering myocyte alterations, 
support the data documented in Table I. In addition, the 
exponential decrease in the frequency of ST-segment de- 
pression with time parallels the decreasing incidence of 
acute rejection after heart transplantation. The low sen- 
sitivity of these electrocardiographic events clearly in- 
dicates that the occurrence of ST-segment depressions 


E 
[inzidenz] 


15 


FIGURE 2. Distribution of 44 incidences 
of ST-segment depression within a 24- 
hour period. E — episodes of ST-segment 
depression. 
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does not allow for individual differentiation among pa- 
tients requiring additional immunosuppressive therapy 
for acute rejection (A3/A4). The ST-segment analysis in 
Holter monitoring is unable to replace the endomyocar- 
dial biopsy for detection of acute rejection. However, we 
could not find ST-segment depressions in patients with an 
inactive myocardium after transplantation (A0/A1). 
Thus, the ST-segment depression after transplantation is 
obviously an insensitive marker of general activity of the 
rejection processes. Both, ST depression itself and myo- 
cardial rejection in its acute phase do predispose to an 
increased incidence of arrhythmias. Therefore, the posi- 
tive correlation between ST-segment depressions and the 
increased frequencies of supraventricular or ventricular 
arrhythmias, or both, should be expected. But only with 
respect to supraventricular extra beats was an insignifi- 
cant trend seen in patients basically receiving no antiar- 
rhythmic therapy. 

The method of ST-segment analysis in the 24-hour 
ambulatory electrocardiographic recording must be care- 
fully evaluated with respect to underlying pathophysio- 
logic mechanisms? and the technology currently used.$ 
This is especially true in terms of its use as a "detector of 
ischemia" outside angiographically diagnosed coronary 
artery disease. Therefore, it is not possible to extrapolate 
from accepted facts derived from studies of patients with 
coronary artery disease that the findings of ST-segment 
depression indicate a safe marker of ischemia in the 
transplanted heart. These results are therefore more de- 
scriptive in character and the underlying pathophysiology 
remains open. Thus, the perioperative trauma could also 
explain the decrease in ST-segment depression frequen- 
cy. However, operative trauma alone would exclude an 
incidence of ST-segment depression in only 10% of all 
patients. Moreover, ST-segment depression was never 
found in patients without activity of rejection processes, 
although all recipients were examined in a standardized 
fashion. It therefore seems likely that neither operative 





221 


trauma nor prolonged postischemic ventricular dysfunc- 
tion (stunned myocardium) is relevant for the occurrence 
of ST-segment depression after transplantation. Thus, 
this event appears to be affected by myocardial disorders 
associated with rejection. This hypothesis is sustained by 
the fact that we could not find an increase in heart rate 
preceding ST-segment depressions or a correlation with 
reduced left ventricular function unless there was clear 
evidence for coronary vessel disease or unspecific myocar- 
dial graft failure. 
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Usefulness of Systolic Excursion of the Mitral Anulus as an Index of 


Left Ventricular Systolic Function 


Ramdas G. Pai, MD, Monty M. Bodenheimer, MD, Sudha M. Pai, MD, Jerome H. Koss, MD, and 


Richard D. Adamick, MD 


S in both humans and nonhuman animals show 
that the mitra! anulus changes its size, shape and 
position during the cardiac cycle.'? Left ventricular 
(LV) contraction results in shortening along both the 
short and long axis of the left ventricle. With each systole, 
the mitral anulus moves toward the apex in a cephalocau- 
dal direction.!-? It has also been observed that the dis- 
placement of the mitral anulus during the systole is re- 
duced with dilated cardiomyopathy.* We examined the 
relation between the amount of systolic excursion of the 
mitral anulus and LV systolic function as measured by 
radionuclide ventriculography and a variety of echocar- 
diographic techniques. 

Fifty-seven consecutive patients (35 men, 22 women, 
mean age 65.6 years [range 31 to 86]) with a wide range 
of LV ejection fraction (13 to 84%), who had both 
an echocardiogram and radionuclide ventriculography 
within 2 days of each other, comprised the study group. 
Those who had a change in treatment or the clinical state 
in between these 2 studies were excluded (n = 3). 

Two-dimensional and Doppler echocardiograms 
were obtained with a Hewlett-Packard 77020AC system, 
with the patients in the left lateral position whenever 
possible. Left parasternal long-axis, short-axis and api- 
cal views were obtained in a conventional way and re- 
cordings were videotaped. M-mode recordings were ob- 
tained on paper and measurements made according to 
the recommendations of the American Society of Echo- 
cardiography. LV volumes were calculated using the 
method of Teicholz et al. LV fractional shortening and 
ejection fraction were calculated in a standard man- 
ner LV mass was calculated using the method de- 
scribed by Troy et al.’ 


From the Harris Chasanoff Heart Institute, Long Island Jewish Hospi- 
tal, New Hyde Park, New York. Manuscript received June 21, 1990; 
revised manuscript received and accepted August 17, 1990. 
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Mitral anular excursion was measured from the api- 
cal 4-chamber view, where the movement of the mitral 
anulus is parallel to the ultrasound beam. Measure- 
ments were obtained from frame-by-frame replay of the 
videotape, as shown in Figure 1. The total systolic excur- 
sion of the lateral margin of the mitral anulus was mea- 
sured from the videoscreen as the distance between its 
highest position in diastole (point D) and its lowest posi- 
tion in systole (point S). The systolic excursion of the 
medial margin of the mitral anulus was also measured 
in a similar manner. The mean of these measurements 
was taken as the average systolic excursion of the mitral 
anulus. We preferred to use the 2-dimensional method in 
preference to the M-mode method, as described previ- 
ously, because lateral motion of the heart may introduce 
errors in the latter.?4 

Radionuclide ejection fractions (EF-MUGA) were 
obtained by LV blood pool imaging using technetium 99- 
m labeled red blood cells in a conventional manner: EF- 
MUGA = 100 X (LVEDC — LVESC)/LVEDC, where 
LVEDC is the LV end-diastolic count and LVESC is the 
LV end-systolic count. 

LV radionuclide ejection fraction was correlated with 
the systolic excursion of the mitral anulus, ejection frac- 
tion by different echocardiographic methods and various 
LV measurements using linear regression by the least- 
squares method. In a similar way, the systolic excursion 
of the mitral anulus was also correlated with various 
continuous variables. Means were compared using Stu- 
dent's unpaired t test. 

There was a good agreement between the measure- 
ment of the systolic excursion of the mitral anulus ob- 
tained by the same observer on 2 different occasions (r = 
0.97, standard error of the estimate = 0.7 mm) and that 
obtained by 2 different observers (r = 0.91, standard 
error of the estimate = 1.3 mm). 

LV ejection fraction by the radionuclide method cor- 
related with all methods of estimating LV function (Ta- 





FIGURE 1. Method of measuring the sys- 
tolic excursion of the mitral anulus: From 
the apical 4-chamber view, the systolic ex- 
cursion of the medial and the lateral parts 
of the mitral anulus are measured from 
the highest point in diastole (point D) to 
the lowest point in systole (point S) by 
frame-by-frame playback of the videotape. 
LA - left atrium; LV - left ventricle; MV 
= mitral valve; RA = right atrium; RV = 
right ventricle. 


TABLE I Correlates of Left Ventricular Ejection Fraction by 
Radionuclide Ventriculography 


Variable SEE (% EF) p Value 


SEMA-M (mm) 
SEMA-L (mm) 
SEMA (mm) 
EF-EST (%) 
EF-TEI (%) 

FS (%) 


EF = ejection fraction; EF-EST = estimated ejection fraction from the echocardio- 
gram; EF-TEI = ejection fraction by the method of Teicholz et al®; FS = left ventricular 
fractional shortening; r = correlation coefficient; SEE = standard error of the esti- 
mate; SEMA = average systolic excursion of the mitral anulus; SEMA-L = systolic 
excursion of the lateral portion of the mitral anulus; SEMA-M = systolic excursion of 
the medial portion of the mitral anulus. 


TABLE Il Correlates of the Systolic Excursion of the Mitral 
Anulus 


SEE 


Variable (mm of SEMA) p Value 


EF-MUGA (%) 
EF-EST (%) 
EF-TEI (%) 

FS (%) 
LVEDD (mm) 


LVEDV (ml) 
LVESD (mm) 
LVESV (ml) 
LVEDD /PW ratio 
LA (mm) 

LV mass (g) 

Age (yrs) 


LA = left atrial diameter; LV = left ventricular; LVEDD = left ventricular end-diastolic 
diameter; LVEDV = left ventricular end-diastolic volume; LVESD = left ventricular 
end-systolic diameter; LVESV = left ventricular end-systolic volume; NS = not signifi- 
cant; PW = thickness of the left ventricular posterior wall in diastole; other abbrevia- 
tions as in Table 1. 











ble 1), but the best correlation was with the systolic 
excursion of the mitral anulus (r = 0.95), as shown in 
Figure 2. The mitral anular excursion did not correlate 
with age, left atrial size or LV mass (Table II). The 
correlation between radionuclide LV ejection fraction 
(EF-MUGA %) and the systolic excursion of the mitral 
anulus (SEMA in millimeters) can be expressed by the 
regression equation, EF-MUGA = 1.5 + 4.4 X SEMA. 

There was no improvement in the predictive value of 
this equation by the addition of any other echocardio- 
graphic measurements or fractional shortening in a mul- 
tiple regression equation. 


EF MUGA % 


14 
SEMA MEAN mm 


FIGURE 2. Relation between the systolic excursion of the mi- 
tral anulus (SEMA) and the left ventricular ejection fraction by 
radionuclide ventriculography (EF MUGA). 
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The results of our own study indicate that the systolic 
excursion of the mitral anulus is strongly related to the 
LY systolic ejection as measured by radionuclide tech- 
niques. Averaging the movements of the different parts of 
the anulus may minimize the errors due to asynergy of 
ventricular contraction. We measured the movement of 
the mitral anulus at only 2 points, but measuring its 
movement anteriorly and posteriorly as well may add to 
the accuracy of the measurement of the average systolic 
excursion of the mitral anulus. 

In our study, the systolic excursion of the mitral anu- 
lus was a better correlate of radionuclide LV ejection 
fraction than LV fractional shortening or ejection frac- 
tion by the method described by Teicholz et al.° This may 
be partly due to the fact that a sizeable proportion of the 
patients had regional wall motion abnormalities of the 
left ventricle. Unlike the calculation of fractional shorten- 
ing, the systolic excursion of the mitral anulus would be a 
measure of the average long-axis shortening of all the 4 
walls of the left ventricle, if measurements are obtained at 
all the 4 points, as discussed earlier. Additionally, the 
cursor-derived systolic and diastolic dimensions of the left 
ventricle from the parasternal view are not from the same 
part of the left ventricle because of the movement of the 
heart along the long axis during the cardiac cycle. This 
would also add to the error in the calculation of LV 
fractional shortening and ejection fraction by the Tei- 
cholz method. Hoglund et al? believe that the mitral 
anular excursion may in fact be a more sensitive index of 
LV function. The aforementioned regression equation is a 
simple one, and may be of practical value in calculating 
the LV ejection fraction. 

We used the 2-dimensional echocardiographic meth- 
od to measure the mitral anular systolic excursion. This is 
because, with the M-mode method, where the cursor is 
made to pass through a particular portion of the mitral 
anulus, the mitral anulus may not hold the same constant 
relation during the cardiac cycle because of the side-to- 
side rocking motion of the heart. However, in the 2- 
dimensional method, with frame-by-frame replay one 
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can accurately monitor the movement of a given portion 
of the mitral anulus. 

A major drawback of this concept of the mitral anular 
systolic excursion is that it does not take into account the 
movement of the apex, just the movement of the mitral 
anulus in relation to the transducer. It is also not a mea- 
sure of the percent shortening of the LV long axis, and a 
person with a smaller left ventricle may have a smaller 
mitral anular excursion for a given ejection fraction; 
hence, our data may not apply to children. This concept 
also assumes that the direction of movement of the mitral 
anulus is almost parallel to the direction of the ultrasound 
beam. 

Despite these shortcomings, the systolic excursion ol 
the mitral anulus may serve as a very useful echocardio- 
graphic index of LV systolic function, especially in the 
presence of LV asynergy. Averaging the movements ol 
lateral and medial, as well as anterior and posterior por- 
tions of the anulus, may add to its accuracy. Further 
studies need to be done in this direction and in the pediat- 
ric population. 
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CORRECTION 


Stuart Pharmaceuticals’ Rash and ‘Taste Disturbance 
Claims Comparing Zestril” and Capoten® 
Found by Court to be False 


Stuart Pharmaceuticals recently disseminated advertising and promotional 
materials comparing ZESTRIL? (lisinopril) with a competing product, 
CAPOTEN?® (captopril). This material compared the incidence of 

rash and taste disturbance associated with CAPOTEN? and ZESTRIL’. 
Although this information was taken from the currently approved 
CAPOTEN® and ZESTRIL package inserts, more recent clinical 
experience with CAPOTEN?" indicates that the incidence of rash and 

taste disturbance is comparable to that of ZESTRIL’. 


Therefore, by Court Order, Stuart Pharmaceuticals is 
obliged to advise you that it is withdrawing this 
comparative claim and Stuart Pharmaceuticals states that: 


B CAPOTEN:' is well tolerated and has a 
low incidence of rash and taste disturbance. 


B Stuart Pharmaceuticals does not claim that ZESTRIL? 
is superior to CAPOTEN ' in terms of side effects. 


Please see last page of this advertisement for brief summary of prescribing information. in Stuart Pharmaceuticals 


ZESTRIL* (lisinopril) 


(For full prescribing information, see package insert.) 
INDICATIONS AND USAGE. ZESTRIL is indicated for tne treatment of hypertension. It may be used alone as initial 
therapy or concomitantly with other classes of antihypertensive agents. In using ZESTRIL, consideration should be 
given to the fact that another angiotensin converting enzyme inhibitor, captopril, has caused agranulocytosis, particularly 
in patients with renal impairment or collagen vascular disease, and that available data are insufficient to show that 
ZESTRIL does not have a similar risk. (See WARNINGS.) CONTRAINDICATIONS. ZESTRIL is contraindicated in patients 
who are hypersensitive to this product and in patients with a history of angioedema related to previous treatment with 
an angiotensin converting enzyme inhibitor WARNINGS. Angioedema: Angioedema of the face, extremities, lips, tongue, 
Lec and/or larynx has been reported in patients treated with angiotensin converting enzyme inhibitors, including 
ESTRIL. In such cases, ZESTRIL should be promptly discontinued, and the patient carefully observed until the swelling 
disappears. In instances where swelling has been confined to the face and lips the condition has generally resolved 
without treatment, although antihistamines have been useful in relieving symptoms. Angioedema associated with 
laryngea! edema may be fatal. Where there is involvement of the wapi err or larynx, likely to cause airway 
obstruction, appropriate eat n — epinephrine solution 1: (0.3 mL to 0.5 mL) should be promptly 
administered. (See ADVERS IONS.) Hypotension: Excessive hypotension was rarely seen in uncomplicated 
hypertensive patients but is a possible consequence of use with ZESTRIL in salt/volume-depleted persons, such as 
those treated vigorously with diuretics or patients on dialysis. (See PRECAUTIONS, Drug Interactions and ADVERSE 
REACTIONS.) In patients with severe congestive heart failure, with or without associated renal insufficiency, excessive 
hypotension has been observed and may be associated with oliguria and/or progressive azotemia, and rarely with 
acute renal failure and/or death. Because of the potential fall in blood pressure in these patients, therapy should be 
started under very close medical supervision. Such patients should be followed closely for the first two weeks of treatment 
and whenever the dose of ZESTRIL and/or diuretic is increased. Similar considerations apply to patients with ischemic 
heart or cerebrovascular disease in whom an excessive fall in blood pressure could result in a myocardial infarction 
or cerebrovascular accident. If hypotension occurs, the patient should be placed in supine position and, if necessary, 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication to further 
doses which usually can be given without difficulty once the blood pressure has increased after volume expansion. 
Neutropenia/Agranulocytosis: Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause 
agranulocytosis and bone marrow depression, rarely in uncomplicated patients but more frequently in patients with 
renal impairment especially if ney also have a collagen vascular disease. Available data from clinical trials of ZESTRIL 
are insufficient to show that ZESTRIL does not cause agranulocytosis at similar rates. Marketing experience has revealed 
rare cases of neutropenia and bone marrow depression in which a causal relationship to lisinopril cannot be excluded. 
Periodic monitoring of white blood cell counts in patients with collagen vascular disease and renal disease should be 
considered. PRE IONS. General. Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin- 
aldosterone system, changes in renal function may be anticipated in susceptible individuals. In patients with severe 
congestive heart failure whose renal function may depend on the activity of the renin-angiotensin-aldosterone system, 
treatment with angiotensin converting enzyme inhibitors, including ZESTRIL, may be associated with oliguria and/or 
progressive azotemia and rarely with acute renal failure and/or death. In hypertensive patients with unilateral or bilateral 
renal artery stenosis, increases in blood urea nitrogen and serum creatinine may occur. Experience with another angio- 
tensin converting enzyme inhibitor suggests that these increases are usually reversible upon discontinuation of ZESTRIL 
and/or diuretic therapy. In such patients, renal function should be monitored during the first few weeks of therapy. Some 
hypertensive patients with no apparent pre-existing renal vascular disease have developed increases in blood urea 
nitrogen and serum creatinine, usually minor and transient, especially when ZESTRIL has been given concomitantly with 
a diuretic. This is more likely to occur in patients with pre-existing renal impairment. Dosage reduction of ZESTRIL and/ 
or discontinuation of the diuretic y required. Evaluation of the hypertensive patient should always include assess- 
ment of renal function. (See DOSAGE AND ADMINISTRATION.) Hyperkalemia: In clinical trials hyperkalemia (serum 
potassium greater than 5.7 mEq/L) occurred in approximately 2.2% of hypertensive patients and 4.0% of patients with 
congestive heart failure. In most cases these were isolated values which resolved despite continued therapy. Hyperkalemia 
was a cause of discontinuation of therapy in approximately 0.196 of hypertensive patients. Risk factors for the development 
of hyperkalemia include rena! insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing diuretics, 
potassium supplements and/or potassium-containing salt substitutes, which should be used cautiously, if at all, with 
ZESTRIL. (See Drug Interactions.) Surgery/Anesthesia: In patients undergoing major surgery or during anesthesia with 
agents that produce hypotension, ZESTRIL may block angiotensin II formation secondary to compensatory renin release. 
If hypotension occurs and is considered to be due to this mechanism, it can be corrected by volume expansion. Infor- 
mation for Patients. Angioedema: Angioedema, including laryngeal edema, may occur especially following the first 
dose of ZESTRIL. Patients should be so advised and told to report immediately any signs or symptoms suggesting 
angioedema (swelling of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to take no more 
drug until they have consulted with the prescribing physician. Symptomatic Hypotension: Patients should be cautioned 
to report lightheadedness especially during the first few days of therapy. If actual syncope occurs, the patient should 
be told to discontinue the drug until they have consulted with the prescribing physician. All patients should be cautioned 
that excessive perspiration and dehydration may lead to an excessive fall in blood pressure because of reduction in 
fluid volume. Other causes of volume depletion such as vomiting or diarrhea may also lead to a fall in blood pressure; 
patients should be advised to consult with their physician. Hyperkalemia: Patients should be told not to use salt sub- 
stitutes containing potassium without consulting their physician. Ne nia: Patients should be told to report promptly 
any indication of infection (eg, sore throat, fever) which may be a sign of neutropenia. NOTE: As with many other drugs, 
certain advice to patients being treated with ZESTRIL is warranted. This information is intended to aid in the safe and 
effective use of this medication. It is not a disclosure of all possible adverse or intended effects. DRUG INTERACTIONS. 
Hypotension — Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
recently instituted, may occasionally experience an excessive reduction of blood pressure after initiation of therapy 
with ZESTRIL. The possibility of hypotensive effects with ZESTRIL can be minimized by either discontinuing the diuretic 
or increasing the salt intake prior to initiation of treatment with ZESTRIL. If it is necessary to continue the diuretic, 
initiate therapy with ZESTRIL at a dose of 5 mg daily, and provide close medical supervision after the initial dose for 
at least two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS, and DOSAGE 
AND ADMINISTRATION.) When a diuretic is added to the therapy of a patient receiving ZESTRIL, an additional antihyper- 
tensive effect is usually observed. Studies with ACE inhibitors in combination with diuretics indicate that the dose 
of the ACE inhibitor can be reduced when it is given with a diuretic. (See DOSAGE AND ADMINISTRATION. ) Indomethacin: 
In a study in 36 patients with mild to moderate hypertension where the antihypertensive effects of ZESTRIL alone were 
compared to ZESTRIL ue concomitantly with indomethacin, the use of indomethacin was associated with a reduced 
effect, although the difference between the two regimens was not significant. Other Agents: ZESTRIL has been used 
concomitantly with nitrates and/or digoxin without evidence of clinically significant adverse interactions. No clinically 
important pharmacokinetic interactions occurred when ZESTRIL was used concomitantly with propranolol or hydro- 
chlorothiazide. The presence of food in the stomach does not alter the bioavailability of ZESTRIL. Agents Increasing 
Serum Potassium: ZESTRIL attenuates potassium loss caused by thiazide-type diuretics. Use of ZESTRIL with potassium- 
sparing diuretics (eg, spironolactone, triamterene or amiloride), potassium supplements, or potassium-containing salt 
substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these agents is indi- 
cated because of demonstrated hypokalemia, they should be used with caution and with frequent monitoring of serum 
potassium. Lithium: Lithium toxicity has been reported in patients receiving lithium with drugs which cause elimination 
of sodium, including ACE inhibitors. Lithium toxicity was veg | reversible upon discontinuation of both drugs. It is 
recommended that serum lithium levels be monitored frequently if ZESTRIL is administered concomitantly with lithium. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. There was no evidence of a tumorigenic effect when lisinopril 
was administered for 105 weeks to male and female rats at doses up to 90 mg/kg/day (about 56 times” the maximum 
recommended daily human dose) or when lisinopril was administered for 92 weeks to (male and female) mice at doses 
up to 135 mg/kg/day (about 84 times” the maximum recommended daily human dose). "Based on patient weight 
of 50 kg. Lisinopril was not mutagenic in the Ames microbial mutagen test with or without metabolic activation. It 
was also negative in a forward mutation assay using Chinese hamster lung cells. Lisinopril did not produce single strand 
DNA breaks in an in vitro alkaline elution rat hepatocyte assay. In addition, lisinopril did not produce increases in 
chromosomal aberrations in an in vitro test in Chinese hamster ovary cells or in an in vivo study in mouse bone mar- 
row. There were no adverse effects on reproductive performance in male and female rats treated with up to 300 mg/kg/day 
of lisinopril. Pregnancy. Pregnancy Category C: Lisinopril was not teratogenic in mice treated on days 6-15 of gestation 
with up to 1,000 mg/kg/day (625 times the maximum recommended human dose). There was an increase in fetal 
resorptions at doses down to 100 mg/kg; at doses cf 1,000 mg/kg this was prevented by saline supplementation. There 
was no fetotoxicity or teratogenicity in rats treated with up to 3 en aad (188 times the maximum recommended 
dose) of lisinopril at days 6-17 of gestation. In rats receiving lisinopril from day 15 of gestation through day 21 post- 
partum, there was an increased incidence in pup deaths on days 2-7 postpartum and a lower average body weight 
of pups on day 21 postpartum. The increase in pup deaths and decrease in pup weight did not occur with maternal 
saline supplementation. Lisinopril, at doses up to 1 mg/kg/day, was not teratogenic when given throughout the organ- 
ogenic period in saline supplemented rabbits. Saline supplementation (physiologic saline in place of tap water) was 
used to eliminate maternotaxig-eflets and enable evaluation of the teratogenic potential at the highest possible dosage 
level. The rabbit has beerfsh wnyto-be extremely sensitive to angiotensin converting enzyme inhibitors (captopril and 
enalapril) with m a totokic effects apparent at or below the recommended therapeutic dosage levels in man. 
Fetotoxicity was ted.in rabbits by,añ increased incidence of fetal resorptions at an oral dose of lisinopril 
of 1 mg/kg/day and.ay an increased incidence okincomplete ossification at the lowest dose tested (0.1 mg/kg/day). 
A single intravenays se 15 mg/kg of.lisinoprg administered to pregnant rabbits on gestation days 16, 21 or 26 
resulted in 88% to.) fetal’ death. By whole autoradiography, radioactivity was found in the placenta following 
administration of labeled lisiqdpril to pregnant ratg, but none was found in the fetuses. Human Experience: There 
are no adequate ahd well-contro¥gg studies of lisinoPtil in pregnant women. However, data are available that show drugs 
of this classtross the human plaeénta. Bebause the risk of fetal toxicity with the use the ACE inhibitors has not been 
clearly defined (see below), lisinopril should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy 
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outcome. Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome 
adversely. Fetal exposure during the second and third trimesters of pregnancy has been associated with fetal and neonatal 
morbidity and mortality. When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased renal perfusion in the newborn. Oligohydramnios in the mother has also been reported, 
presumably representing decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be 
closely observed for hypotension, oliguria and hyperkalemia. If oliguria occurs, attention should be directed toward 
support of blood pressure and renal perfusion with the administration of fluids and pressors as appropriate. Problems 
associated with prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE 
inhibitors, but itis not clear whether they are related to ACE inhibition, maternal hypertension or the underlying prematurity. 
Another ACE inhibitor, enalapril, has been removed from the neonatal circulation by peritoneal rac conl and theoretically 
may be removed by exchange transfusion, although there is no experience with the latter procedure. There is no experience 
with either of these procedures for removing lisinopril or other ACE inhibitors from the neonatal circulation. Nursing 
Mothers: Milk of lactating rats contains radioactivity following administration of '4C lisinopril. It is not known whether 
this drug is excreted in human milk. Because many drugs are excreted in human milk, caution should be exercised 
when ZESTRIL is given to a nursing mother. Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS. ZESTRIL has been found to be generally well tolerated in controlled clinical trials involving 
2003 patients and subjects. The most frequent clinical adverse experiences in controlled trials with ZESTRIL were dizzi- 
ness (6.3%), headache (5.3%), fatigue (3.3%), diarrhea (3.2%), upper respiratory symptoms (3.0%), and cough (2.9%), 
all of which were more frequent than in placebo-treated patients. For the most part, adverse experiences were mild 
and transient in nature. Discontinuation of therapy was required in 6.0% of patients. In clinical trials, the overall frequency 
of adverse experiences could not be related to total daily dosage within the recommended thera eutic dosage range. 
For adverse experiences which occurred in more than 196 of patients and subjects treated with ZESTRIL or ZESTRIL plus 
hydrochlorothiazide in controlled clinical trials, comparative incidence data are listed in the table below. 


Percent of Patients in Controlled Stucies 


ZESTRIL/Hydrochlorothiazide 
(n = 644) Placebo 
Incidence (n = 207) 
(discontinuation) Incidence 


ZESTRIL 
(n = 20031) 
Incidence 
(discontinuation) 


Dizziness 
Headache 
Fatigue 

Diarrhea 

Upper Respiratory Symptoms 
Cough 

Nausea 
Hypotension 
Rash 

Orthostatic Effects 
Asthenia 

Chest Pain 
Vomiting 
Dyspnea 
Dyspepsia 
Paresthesia 
Impotence 
Muscle Cramps 
Back Pain 

Nasal Congestion 
Decreased Libido 
Vertigo 


Tincludes 420 patients treated for congestive heart failure who were receiving concomitant digitalis and/or diuretic therapy. 


Clinical adverse experiences occurring in 0.3% to 1.096 of patients in the controlled trials and rarer, serious, possibly 
drug related events reported in uncontrolled studies or marketing experience are listed below and, within each gs 
are in order of decreasing severity. BODY AS A WHOLE: Chest discomfort, fever, flushing, malaise. CARDIOVASCULAR: 
Myocardial infarction or cerebrovascular accident, pons secondary to excessive hypotension in high risk patients 
(see WARNINGS, Hypotension); angina pectoris, orthostatic hypotension, rhythm disturbances, tachycardia, peripheral 
edema, vasculitis, palpitation. DIGESTIVE: Pancreatitis, abdominal pain, anorexia, constipation, flatulence, dry mouth 
METABOLISM: Gout. MUSCULOSKELETAL: Joint pain, petes NERVOUS SYSTEM/PSYCHIATRIC: Depression. 
somnolence, insomnia, stroke, nervousness, confusion. RESPI RY SYSTEM: Bronchitis, sinusitis, pharyngeal pain 
SKIN: Urticaria, pruritus, diaphoresis. SPECIAL SENSES: Blurred vision. UROGENITAL: Oliguria, progressive azotemia. 
acute renal failure, urinary tract infection. A symptom complex has been reported which may include a positive ANA. 
an elevated erythrocyte sedimentation rate, arthralgia/arthritis, myalgia and fever. ANGIOEDEMA: Angioedema has beer 
reported in patients receiving ZESTRIL (0.1%). Angioedema associated with laryngeal edema may be fatal. If angioedeme 
of the face, extremities, lips, tongue, glottis and/or larynx occurs, treatment with ZESTRIL should be discontinued anc 
appropriate therapy instituted immediately. (See WARNINGS.) HYPOTENSION: In hypertensive patients, hypotension 
occurred in 1.2% and syncope occurred in 0.1% of patients. Hypotension or syncope was a cause of discontinuation 
of therapy in 0.5% of hypertensive patients. (See WARNINGS.) In patients with congestive heart failure, hypotension 
occurred in 5.0% and syncope occurred in 1.0% of patients, These adverse experiences were causes for discontinuation 
of therapy in 1.3% of these patients. Clinical Laboratory Test Findings. Serum Electrolytes: Hyperkalemia. (See PRE- 
CAUTIONS.) Creatinine, Blood Urea Nitrogen: Minor increases in blood urea nitrogen and serum creatinine, reversible 
upon discontinuation of therapy, were observed in about 2.0% of patients with essential hypertension treated with 
ZESTRIL alone. Increases were more common in patients receiving concomitant diuretics and in patients with renal 
artery stenosis. (See PRECAUTIONS.) Reversible minor increases in blood urea nitrogen and serum creatinine were 
observed in approximately 9.1% of patients with congestive heart failure on concomitant diuretic therapy. Frequently, 
these abnormalities resolved when the dosage of the diuretic was decreased. Hemoglobin and Hematocrit: Small 
decreases in hemoglobin and hematocrit (mean decreases of approximately 0.4 g% and 1.3 vol%, respectively) occurred 
frequently in patients treated with ZESTRIL but were rarely of clinical importance in patients without some other cause 
of anemia. In clinical trials, less than 0.1% of patients discontinued therapy due to anemia. Other (Causal Relationship 
Unknown): Rarely, elevations of liver enzymes and/or serum bilirubin have occurred. In marketing experience, rare cases 
of neutropenia and bone marrow depression have been reported. Overall, 2.096 of patients discontinued therapy due 
to laboratory adverse experiences, principally elevations in blood urea nitrogen (0.696), serum creatinine (0.596), and 
serum potassium (0.496). DOSAGE AND ADMINISTRATION. Initial Therapy: In patients with uncomplicated essentia! 
hypertension not on diuretic therapy, the recommended initial dose is 10 mg once a day. Dosage should be adjusted 
according to blood pressure response. The usual dosage range is 20-40 mg per day administered in a single daily dose. 
The antihypertensive effect may diminish toward the end of the dosing interval regardless of the administered dose, 
but most commonly with a dose of 10 mg daily. This can be evaluated by measuring blood pressure just prior to dosing 
to determine whether satisfactory control is being maintained for 24 hours. If itis not, an increase in dose should be 
considered. Doses up to 80 mg have been used but do not appear to give greater effect. If blood pressure is not controlled 
with ZESTRIL alone, a low dose of a diuretic may be added. Hydrochlorothiazide, 12.5 mg has been shown to provice 
an additive effect. After the addition of a diuretic, it may be possible to reduce the dose of ZESTRIL. Diuretic d 
Patients: In a iar patients who are currently being treated with a diuretic, symptomatic hypotension may occur 
occasionally following the initial dose of ZESTRIL. The diuretic should be discontinued, if possible, for two to three days 
before beginning therapy with ZESTRIL to reduce the likelihood of hypotension. (See WARNINGS.) The dosage of ZESTRIL 
should be adjusted according to blood pressure response. If the patient's blood pressure is not controlled with ZESTRIL 
alone, diuretic therapy may be resumed as described above. If the diuretic cannot be discontinued, an initial dose of 5 mg 
should be used under medical supervision for at least two hours and until blood pressure has stabilized for at least an 
additional hour. (See WARNINGS and PRECAUTIONS, Drug Interactions.) Concomitant administration of ZESTRIL with 
potassium supplements, potassium salt substitutes, or potassium-sparing diuretics may lead to increases of serum 
potassium. (See PRECAUTIONS.) Use in Elderly: In general, blood pressure response and adverse experiences were 
similar in younger and older patients given similar doses of ZESTRIL. Pharmacokinetic studies, however, indicate that 
maximum blood levels and area under the plasma concentration time curve (AUC) are doubled in older patients so that 
dosage adjustments should be made with particular caution. Dosage Adjustment in Renal Impairment: The usual dose 
of ZESTRIL (10 mp is recommended for patients with creatinine clearance > 30 mL/min (serum creatinine of up 
to approximately 3 mg/dL). For patients with creatinine clearance = 10 mL/min « 30 mL/min (serum creatinine 
= 3mg/dL), the first dose is 5 mg once daily. For poran with creatinine clearance < 10 mL/min (usually on hemo- 
dialysis) the recommended initial dose is 2.5 mg. The dosage may be titrated upward until blood pressure is controlled 
or to a maximum of 40 mg daily. 


Renal Status 
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Creatinine Clearance mL/min Initial Dose mg/day 


Normal Renal Function to Mild Impairment >30 10 
Moderate to Severe Impairment >10 <30 5 
Dialysis Patients « 10 2.51 


'Dosage or dosing interval should be adjusted depending on the blood pressure response. 
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Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1 000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated su bjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 3396 increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1V2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 2996 excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 11⁄2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize Guring long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for upto 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 


















dosage, symptomatic supportive measures should be tg 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsi 
tion trial with gemfibrozil in middle-aged men with dyli 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick M 
in the incidence of coronary heart disease in the Hale 















260:641-651. 3. Nikkila EA: Familial lipoprotein lipas / orders of 
chylomicron metabolism. In Stanbury J. B. et al. (edS.)'* abolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-682 ^ ^^. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(«35 mg/dL) baseline level of HDL cholesterol? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL.was below the median (464 mg/dL). incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)? 


A powerful case for 


ODID 


s | | 600-m 
gemfibrozil ) ues 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type IIb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 

*Defined as a combination of definite coronary death and/or definite myocardial infarction. 

References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG; Hyperlipidemia in coronary heart disease. I. Lipid levels in 500 survivors of myocardial 


infarction: |-Clin Invest. 1973:52:1533-1543.. 2. Assmann G, Schulte H, PROCAM "rial: Prospective Cardiovascular Münster Trial. Zürich; Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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Make this 


connection to reduce 
heart attack risk 
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To reduce heart attack risk, don't overlook coexisting low HDL, Sa 
high triglycerides, and high LDL. A recently published E. 
win of data from a Helsinki Heart Study subgroup shows 

why: 


LOPID reduced the incidence 
of heart attack* 71% 


—in a high-risk subgroup of 
patients with multiple lipid 
disorders. While the overall 
reduction in heart attack was 
34%, the greatest reduction 
in heart attack was achieved 
among those LOPID patients 
with baseline triglycerides 

» 200 mg/dL and baseline 
LDL/HDL >5 (n = 154). 


PID 
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TREATS THE ENTIRE TRIAD 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease in type IIb 
patients with low HDL, in addition to elevated LDL and triglycerides, and 

who have had an inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic acid. 
LOPID is not indicated for the treatment of patients with low HDL as their only 


lipid abnormality. 


Contraindicated in patients with hepatic or severe renal dysfunction, including 
primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol secretion into the bile, leading to 
cholelithiasis. Caution should be exercised when anticoagulants are given in 
conjunction with LOPID. 



























Reference 1. Manninen V, Tenkanen L, Koskinen P, et al. Joint effects of serum triglyceride and LDL cholesterol and 
HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for 
treatment. Circulation. 1992;85:37-45. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 
'Mean HDL = 35 mg/dL; mean LDL = 208 mg/dL; P = .005; 95% CI 21.2 to 118.6. 


Please see last page of this advertisement for warnings, contraindications, and 
brief summary of prescribing information. 
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2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 2996, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1V2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p» 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1V2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver anc interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor? (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil dees not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses 
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shown to be carcinogenic with other fibrates. . . 

Male rats had a dose-related and statistically significant increase of benign Leydig et 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifer 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur i 
humans with either of two other drugs of the fibrate class when liver biopsies were corr 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 wet 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that tl 
effect was reversed after a drug-free period of about eight weeks, and it was not trans 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat é 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observ 
at the high dose levels. No significant malformations were found among almost 400 oft 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontini 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 montl 
of Lopid administration. 

8. Liver Function —Abnormal liver function tests have been observed occasionally 
during Lopid administration, including elev 
tions of AST (SGOT), ALT (SGPT), LOH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid thera 
should be terminated if abnormalities pers 

9. Use in Children — Safety and efficacy 
children have not been established. 
ADVERSE REACTIONS. In the double-bii 
controlled phase of the Helsinki Heart Stud 
2046 patients received Lopid for up to 5 yea 
In that study, the following adverse reactior 
were statistically more frequent in subjects | 
the Lopid group (placebo incidence in pare 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%! 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, « 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) we 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patien 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatas 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988: 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders « 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inheritec 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 





FAST 





m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
m |- to 3-hour duration of action with initial bolus 








SAFE 





m 4.3% incidence of asymptomatic hypotension” 
m 3.2 % incidence of symptomatic hypotension” 
m 3.9% incidence of injection site reaction’ 

m |./% incidence of flushing" 

m little negative inotropic effect" 


m Not to be used in patients with WPW and short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block, except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 


CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours"? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; conversion to normal sinus rhythm 
is not greater than placebo. 


"Occurs most often during or immediately following bolus injection. 
TCaution should be used in patients with congestive heart failure. 









Please see brief summary of prescribing information on next page. 076381 


CONVENIENT DOSAGE 





BOLUS: 0.25 mg/kg 


actual body weight 
over 2 minutes 


20 mg average patient 


BOLUS: 0.35 mg/kg 


actual body weight 
over 2 minutes 


25 mg average patient 


INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 





BRIEF SUMMARY 


CARDIZEM® Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 

. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patient is compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally short lived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 


CARDIZEM Injectable is contraindicated in: 

1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 

. Patients with second- or third-degree AV block except in the presence of 

a functioning ventricular pacemaker. 

Patients with severe hypotension or cardiogenic shock. 

. Patients who have demonstrated hypersensitivity to the drug. 

. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 

_ Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 
As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/ defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 


7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. It is important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


. Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zem in patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 


. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
caution in patients with impaired renal or hepatic function (see WARNINGS). 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 
Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravenous diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 


Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


As with all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 


Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 


Beta-blockers: Intravenous diltiazern has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/flutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 

Adverse events reported in controlled and uncontrolled clinical trials were gener- 
ally mild and transient. Hypotension was the most commonly reported adverse 
event during clinical trials. Asymptomatic hypotension occurred in 4.3% of 
patients. Symptomatic hypotension occurred in 3.2% of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 19/o of the diltiazem-treated patients were injection site reac- 
tions (eg, itching, burning)—3.996, vasodilation (flushing) — 1.796, and 
arrhythmia (junctional rhythm or isorhythmic dissociation) — 1.0%. 

In addition, the following events were reported infrequently (less than 196): 

Cardiovascular: Atrial flutter, AV block first degree, AV block second 
degree, bradycardia, chest pain, congestive heart 
failure, sinus pause, sinus node dysfunction, syncope, 
ventricular arrhythmia, ventricular fibrillation, ventric- 
ular tachycardia. 

Pruritus, sweating. 

Constipation, elevated SGOT or alkaline phosphatase, 
nausea, vomiting. 

Dizziness, paresthesia. 

Amblyopia, asthenia, dry mouth, dyspnea, edema, 
headache, hyperuricemia. 

Although not observed in clinical trials with CARDIZEM Injectable, other 
reactions associated with oral diltiazem may occur. 


Product information as of October 1991 


Dermatologic: 
Gastrointestinal: 


Nervous System: 
Other: 





References: 1. Data on file, Marion Merrell Dow Inc. 
2. Ellenbogen KA, Dias VC, Plumb VJ, Heywood JT, Mirvis 
DM. J Am Coll Cardiol. 1991;18:89 1-897. 
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A lot can go wrong with the human cardiovascular 
ystem. 

That's why you need the Aloka SSD-870 
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A 64-frame memory permits, among other things, 
imultaneous, side-by-side comparison of the 
eart’s long and short axes—in real time, slow 
10tion and frame-by-frame. T 
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Aloka is a leader in the development of 
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scanning of the aortic arch and monitoring of patients 
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For more information about the Aloka Cardiovascular Sector 
canner, please contact your Aloka distributor or Aloka’s head office at 
?e address at right. 





ME 














SSD-870 

e Electronic phased array 1 
sector scanner 

e Outstanding image quality 
with full-range, real-time 
dynamic focusing and 
continuous dynamic 
frequency scanning 

€ Max. 60 fps color image 





scanning (NTSC) Transesophageal probes 
€ A single probe may be used 1. Pediatrics 
for B-mode, M-mode, 2. Single plane (flexible 
PW/CW Doppler and color in four directions) 
imaging 3. Bi-plane 
SCIENCE AND HUMANITY 





AL 77 


ALOKA CO., LTD. 

6-22-1 Mure, Mitaka-shi, Tokyo 181, Japan 
Telephone:(0422) 45-5111 

Facsimile:(0422) 45-4058 

Telex:02822-344 


! MELOS ke eR TES onENAL EE ees ^ 
ECT Uh ABO NC VIT PCS vu MN 
2 - >t P. s d de 
EU ee m. teat” VE et ee La eds 
i "A ‘ wl LI ve 


*- 












» ` : " S 
TP ^, i ^ 


MARCH 1, 1992, VOL. 69, NO. 6 





American 
Journal 





of 
Cardiology 


CORONARY ARTERY DISEASE 


a SE EE AENA PEE VA ESEN IA VELEP NON es ce 
Immediate and Long-Term Results of Delayed Recanalization 
of Occluded Acute Myocardial Infarction-Related Arteries 
Using Coronary Angioplasty 

M. Nagui Sabri, Germano DiSciascio, Michael J. Cowley, Evelyne 
Goudreau, Mark Warner, Ravinder S. Kohli, Sandeep Bajaj, Kim Kelly, 
and George Vetrovec 


Late reperfusion of an occluded infarct-related artery after acute myocar- 
dial infarction (AMI) may still convey a better prognosis. The outcome of 
percutaneous transluminal coronary angioplasty (PTCA ) in this particu- 
lar setting has not been clearly delineated. Ninety-seven patients with 
AMI underwent PTCA of the occluded infarct-related artery after the 
acute phase of AMI (48 hours to 2 weeks, mean 8 + 4 days). Seventy 
patients had a Q-wave and 20 had a non-Q-wave AMI. Seventy-six 
patients had angina after AMI and 4 had previously undergone coronary 
bypass surgery. Clinical success was achieved in 85 patients. Angiographic 
success was obtained in 90 of the 97 occluded arteries and was similar for 
all 3 major vessels. Major complications (AMI, emergency bypass and 
death) occurred in 3 patients. Long-term follow-up revealed symptomatic 
recurrence in 20 patients. Most recurrences (16 of 20) were in the form of 
restenosis with a high success rate for PTCA. Therefore, PTCA of an 
occluded infarct artery, performed 48 hours to 2 weeks after AMI, has a 
high success rate, a low complication rate and low symptomatic restenosis. 
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Characterization and Prognostic Significance of Silent 
Myocardial Ischemia on Predischarge Electrocardiographic 
Monitoring in Unselected Patients with Myocardial Infarction 
Mario Petretta, Domenico Bonaduce, Valter Bianchi, Giancarlo 
Vitagliano, Gabriele Conforti, Francesco Rotondi, Sakis Themistoclakis, 
and Gianfranco Morgano 


Ischemic ST changes were detected before discharge during 24-hour 
continuous electrocardiographic monitoring in 64 of 270 postinfarction 
patients (23.7%). Patients with ST changes had a greater incidence of 
non-Q-wave myocardial infarction without differences in other baseline 
clinical characteristics; furthermore, they had a higher incidence of ven- 
tricular premature contractions and a lower left ventricular wall motion 
score. With regard to 2-year prognosis in the overall study population at 
multivariate analysis, the presence of ST changes adds further informa- 


Continued on page A19 
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To reduce heart attack risk, don't overlook coexisting low HDL, — 
high triglycerides, and high LDL. A recently published ; 

analysis of data from a Helsinki Heart Study subgroup shows 


why: 


LOPID reduced the incidence 
of heart attack* 7196 


—in a high-risk subgroup of 
patients with multiple lipid 
disorders. While the overall 
reduction in heart attack was 
34%, the greatest reduction 
in heart attack was achieved 
among those LOPID patients 
with baseline triglycerides 

» 200 mg/dL and baseline 
LDL/HDL »5 (n = 154)! 


LOPID 


: ‘| 1600-m 
gemfibrozil) scs 
TREATS THE ENTIRE TRIAD 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease in type IIb 
patients with low HDL, in addition to elevated LDL and triglycerides, and 

who have had an inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic acid. 
LOPID is not indicated for the treatment of patients with low HDL as their only 
lipid abnormality. 


Contraindicated in patients with hepatic or severe renal dysfunction, including 
primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol secretion into the bile, leading to 
cholelithiasis. Caution should be exercised when anticoagulants are given in 
conjunction with LOPID. 























Reference 1. Manninen V, Tenkanen L, Koskinen P. et al. Joint effects of serum triglyceride and LDL cholesterol and 
HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for 
treatment. Circulation. 1992;85:37-45. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 
'Mean HDL = 35 mg/dL; mean LDL = 208 mg/dL; P = .005; 95% CI 21.2 to 118.6. 


Please see last page of this advertisement for warnings, contraindications, and 
brief summary of prescribing information. 
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CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1V2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1V2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil dees not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p 0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cel 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 week 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that thi 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm tc 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observe 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic i 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 month: 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therar 
should be terminated if abnormalities persis 

9. Use in Children — Safety and efficacy i 
children have not been established. 
ADVERSE REACTIONS. in the double-blin 
controlled phase of the Helsinki Heart Study 
2046 patients received Lopid for up to 5 year 
In that study, the following adverse reactions 
were statistically more frequent in subjects ir 
the Lopid group (placebo incidence in pare: 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) wer 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patient 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders o 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
Caution — Federal law prohibits dispensing without prescription. 
PARKE- DAVIS. 
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tion to Killip class. In the subgroup of patients unable to perform exercise 
stress test, presence of ST changes was the most predictive variable. Thus, 
ST analysis during Holter monitoring gives prognostic information after 
myocardial infarction, especially in patients who cannot perform stress 
testing. 


589 

Angiographic Risk Factors of Luminal Narrowing After 
Coronary Balloon Angioplasty Using Balloon Measurements to 
Reflect Stretch and Elastic Recoil at the Dilatation Site 

Benno J. Rensing, Walter R. M. Hermans, Jeroen Vos, Kevin J. Beatt, 
Patrick Bossuyt, Wolfgang Rutsch, and Patrick W. Serruys, on behalf of 
the CARPORT Study Group 


Quantitative angiographic predictors for luminal narrowing after coro- 
nary angioplasty were determined for 666 lesions in 575 patients. To assess 
stretch and elastic recoil, balloons were quantitatively analyzed. A de- 
crease 20.72 mm in minimal luminal diameter (MLD) at 6-month fol- 
low-up was considered significant. Independent predictors of absolute 
decrease in MLD were relative gain at angioplasty (gain in mm normal- 
ized for reference diameter) and lesion length. For risk stratification, 
logistic regression analysis was applied using the decrease in MLD as a 
binary outcome variable. Predictors of a decrease 20.72 mm were relative 
gain, lesion length and thrombus after angioplasty. 
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Comparison of Percutaneous Transluminal Coronary 
Angioplasty Versus Coronary Artery Bypass Grafting for 
Multivessel Coronary Artery Disease 

James L. Vacek, Thomas L. Rosamond, H. William Stites, Steven K. 
Rowe, Wayne Robuck, Georgia Dittmeier, and Gary D. Beauchamp 


Percutaneous transluminal coronary angioplasty (PTCA) and coronary 
artery bypass grafting (CABG) are both widely used to treat multivessel 
coronary artery disease. The characteristics and outcomes of 152 patients 
who underwent multivessel PTCA were compared with those of 134 who 
had multivessel CABG. Baseline characteristics were similar in the 2 
groups. Ejection fraction was significantly lower in the CABG (48 + 14%) 
than in the PTCA (53 + 14%) group (p = 0.002). During follow-up the 
occurrence of death and myocardial infarction was similar for both PTCA 
and CABG groups. However, all other cardiac events occurred more often 
in the PTCA group (p <0.001). At the time of final follow-up, 87% of 
surviving patients in the CABG group were angina-free and 84% had 
negative treadmill test results compared with 78 and 73% of PTCA 
patients, respectively (p <0.02). It is concluded that although both PTCA 
and CABG can provide good symptomatic relief for patients with mul- 
tivessel coronary artery disease, with comparable midterm survival rates, 
subsequent ischemia and need for repeat interventions occur significantly 
more often in patients who have undergone PTCA versus CABG. 
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Wiktor Stent Implantation in Patients with Restenosis 
Following Balloon Angioplasty of a Native Coronary Artery 
| Peter P. de Jaegere, Patrick W. Serruys, Michel Bertrand, Volker 
E Wiegand, Gisbert Kober, Jean Francois Marquis, Bernard Valeix, Rainer 
! Uebis, and Jan Piessens 


The first experience with the Medtronic Wiktor™ stent implantation in 
the first 50 patients is described. All patients had a restenosis of a native 
coronary artery lesion following prior balloon angioplasty. The implanta- 
| tion success rate was 98% (49 of 50 patients). No patient died. Five 
| patients (10%) sustained a subacute thrombotic stent occlusion while in 
the hospital, of whom 4 patients underwent recanalization by means of 
balloon angioplasty. The remaining patient was referred for emergency 
bypass surgery. All 5 patients sustained a nonfatal acute myocardial 
infarction. A major bleeding complication occurred in 11 patients (22%): 
groin bleeding necessitating blood transfusion in 6, gastrointestinal bleed- 
ing in 3 and hematuria in 2. Repeat angiography was performed at a mean 
of 5.6 + 1.1 months in all but 1 patient undergoing implantation. Resteno- 
sis, defined by a reduction of 20.72 mm in the minimal luminal diameter 
or by an increase of 25096, occurred in 20 (45%) and 13 (29%) patients, 
respectively. 
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Accuracy of ST /Heart Rate Index in the Diagnosis of Coronary 
Artery Disease 

Anthony P. Morise and Robert A. Duval 


The accuracy of ST /heart rate (ST HR) index was evaluated in patients 
presenting for exercise testing with suspected coronary disease. In all, 420 
patients with normal electrocardiograms at rest underwent exercise test- 
ing, followed within 3 months by coronary angiography. The sensitivity 
and specificity for standard ST criteria (21 mm horizontal or downslop- 
ing depression) were 48 and 81%, respectively. An ST HR-index threshold 
of 1.86 uV /beat /min had the exact same specificity with a sensitivity of 
44% (p = not significant). Using multivariate logistic regression analysis, 
age, sex, symptoms, smoking, diabetes, ST slope, rate-pressure product, 
MET S achieved and exercise angina were evaluated with and without ST 
HR index and ST depression. Comparisons obtained using receiver-oper- 
ating characteristic curve areas demonstrated no difference between ST 
HR index and ST depression. Therefore, concerning questions of coronary 
disease diagnosis, consideration of ST HR index was not better than 
standard ST criteria and added nothing to multivariate analysis of other 
available variables. 


Continued on page A26 
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safe and well-tolerated regardless of age-? In controlled clinical 
trials, overall incidence of adverse events comparable to 
placebo. Incidence of cough statistically significant.? 


Same starting dose even in patients with mild-to-moderate renal 
impairment (CI. 230 mL/min). 


No important pharmacokinetic interactions observed when 
coadministered with: 


e digoxin? * warfarin? * naproxen’ 
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The evaluation of any hypertensive patient should include renal function studies. ACE inhibition may 
cause changes in renal function in susceptible individuals. Lotensin is contraindicated in patients who are 
hypersensitive to this product or to any other ACE inhibitor. Angioedema has been reported in patients 
receiving ACE inhibitors. Please consult brief summary of Prescribing Information, including the "Drug 
Interactions and Precautions - Impaired Renal Function" sections on last page. 
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BRIEF SUMMARY (FOR FULL PRESCRIBING 

INFORMATION PACKAGE INSERT) 

INDICATIONS AND USAGE Lotensin is indicated for the treatment of 

DE ORNA It may be used alone or in combination with thiazide 
luretics. 

In using Lotensin, consideration should be given to the fact that 
another angiotensin-converting enzyme inhibitor, captopril, has caused 
agranulocytosis, particularly in patients with renal impairment or 
collagen-vascular disease. Available data are insufficient to show that 
Lotensin does not have a similar risk (see WARNINGS). 
CONTRAINDICATIONS Lotensin is contraindicated in patients who are 
ypersensve to this product or to any other ACE inhibitor. 

NINGS-Angioedema Angioedema of the face, extremities, lips 
tongue, glottis, and larynx has been reported in patients treated with 
angiotensin-converting enzyme inhibitors. In U.S. clinical trials, 
symptoms consistent with angioedema were seen in none of the 
subjects who received placebo and in about 0.5% of the subjects who 
received Lotensin. Angioedema associated with laryngeal edema can 
be fatal. If laryngeal stridor or angioedema of the face, tongue, or 
glottis occurs, treatment with Lotensin should be discontinued and 
appropriate therapy instituted immediately. Where there is 
involvement of the tongue, glottis, or larynx, likely to cause airway 

ra 


obstruction, appropri the py, e.g., subcutaneous epinephrine 
— 1:1000 (0.3 mL to 0. P should be promptly 
administered (see ADVERSE R ONS). 


tension Lotensin can cause symptomatic hypotension. Like other 
ACE inhibitors, benazepril has been only rarely associated with — 
hypotension in uncomplicated hypertensive — Symptomatic 
hypotension is most likely to occur in patients who have been volume- 
and/or salt-depleted as a result of Le i diuretic therapy, dietary 
salt restriction, dialysis, diarrhea, or vomiting. Volume- and/or salt- 
depletion should be corrected before initiating therapy with Lotensin. 

In patients with congestive heart failure, with or without associated 
renal insufficiency, ACE inhibitor therapy may cause excessive 
hypotension, which may be associated with oliguria or azotemia and, 
rarely, with acute renal failure and death. In such patients, Lotensin 
therapy should be started under close medical supervision; they should 
be followed closely for the first 2 weeks of treatment and whenever the 
dose of benazepril or diuretic is increased. 

If hypotension occurs, the patient should be placed in a supine 
position, and, if necessary, treated with intravenous infusion o 
Ad im dn saline. Lotensin treatment usually can be continued 
ollowing restoration of blood pressure and volume. 
Neutropenia/Agranulocytosis Another angiotensin-converting enzyme 
inhibitor, captopril, has been shown to cause agranulocytosis and bone 
marrow depression, rarely in uncomplicated patients, but more 


frequently in patients with renal impairment, especially if they also have 


a collagen-vascular disease such as systemic lupus erythematosus or 
scleroderma. Available data from clinical trials of benazepril are — 
insufficient to show that benazepril does not cause x dn ion at 
similar rates. Monitoring of white blood cell counts should be 
considered in patients with collagen-vascular disease, especially if the 
disease is associated with impaired renal function. 

Fetal/Neonatal Morbidity and Mortality ACE inhibitors can cause fetal 
and neonatal morbidity and mortality when administered to pregnant 
women. 

When ACE inhibitors have been used during the second and third 
trimesters of pregnancy, there have been reports of neonatal 
hypotension, renal failure, skull hypoplasia, and death. Oligohydram- 
nios has also been reported, presumably resulting from decreased fetal 
renal function; oligohydramnios has been associated with fetal limb 
contractures, craniofacial malformations, hypoplastic und 
development, and intrauterine growth retardation. Prematurity and 
patent ductus arteriosus have been reported, although it is not clear 
whether these occurrences were due to the ACE-inhibitor exposure or 
to the mother's underlying disease. — MR 

It is not known whether exposure limited to the first trimester can 
adversely affect fetal outcome. Mo! "e 

A patient who becomes pregnant while taking ACE inhibitors, or 


who takes ACE inhibitors when already pregnant, should be ppprised of 


tee sali hazard to her fetus. If she continues to receive 
inhibitors during the second or third trimester of pregnancy, frequent 
ultrasound examinations should be performed to look for — 
oligohydramnios. When oligohydramnios is found, ACE inhibitors 
should generally be discontinued. AP 

Infants with histories of in utero exposure to ACE inhibitors should 
be closely observed for hypotension, oliguria, and hypokalemia. If 
oliguria occurs, attention should be directed toward support of blood 
pressure and renal perfusion. Benazepril could theoretically be 
removed from the neonatal circulation by exchange transfusion, but no 
experience with this procedure has been reported. 

At doses that did not induce maternal toxicity, no embryotoxic, 
fetotoxic or teratogenic effects of Lotensin were seen in studies of 


ese studies were 60 times (in rats), 9 times (in mice), and more than 
8 times (in rabbits) the maximum recommended human dose 
assuming a 50 kg woman). On a mg/kg basis these multiples are 300 
mes (in rats), 90 times (in mice) and more than 3 times (in rabbits) 
the maximum recommended human dose. — 

CAUTIONS-General /mpaired Renal Function: As a consequence 
of inhibiting the renin-angiotensin-aldosterone system to ai in 
renal function may be anticipated in susceptible individuals. n patients 

. with severe Congestive heart failure whose renal function may depend 
on the activity of the renin-angiotensin-aldosterone system, treatment 


frese st rats, mice, and rabbits. On a mg/m? basis, the doses used in 


with angiotensin-converting enzyme inhibitors, including Lotensin, 
may be associated with oliguria and/or progressive azotemia and 
ea i with acute renal failure and/or death. In a small study of 
ypertensive patients with renal artery stenosis in a solitary kidney or 
bilateral renal artery stenosis, treatment with Lotensin was associated 
with increases in blood urea nitrogen and serum creatinine; these 
increases were reversible a ph discontinuation of Lotensin or diuretic 
therapy, or both. When such patients are treated with ACE inhibitors, 
renal function should be monitored during the first few weeks of 
therapy. Some hypertensive patients with no a ye preexisting renal 
vascular disease have developed increases in blood urea nitrogen and 
serum creatinine, usually minor and transient, especially when 
Lotensin has been gun concomitantly with a diuretic. This is more 
likely to occur in patients with preexisting renal impairment. Dosage 
reduction of Lotensin and/or discontinuation of the diuretic may be 
required. Evaluation of the hypertensive patient should always 
include assessment of renal function (see DOSAGE AND 
ADMINISTRATION). Hyperkalemia: In clinical trials, hyperkalemia 
(serum potassium at least 0.5 mEq/L greater than the upper limit of 
normal) occurred in approximately 1% of hypertensive patients 
receiving Lotensin. In most cases, these were isolated values which 
resolved despite continued therapy. Risk factors for the development 
of hyperkalemia include renal insufficiency, diabetes mellitus, and the 
concomitant use of potassium-sparing diuretics, potassium 
supplements, and/or potassium-containing salt substitutes, which 
should be used cautiously, if at all, with Lotensin pees 
Interactions). -— Liver Function: \n patients with hepatic 
dystunction due to cirrhosis, levels of benazeprilat are essentially 
unaltered. Surgery/A ia: |n patients undergoing surgery or 
cung anesthesia with agents that produce hypotension, benazepril 
will block the angiotensin II formation that could otherwise occur 
secondary to compensatory renin release. dj eset tesi that occurs as 
a result of this mechanism can be corrected by volume expansion. 
Information for Patients -Angioedema: Angioedema, including 
laryngeal edema, can occur with treatment with ACE inhibitors, 
especially following the first dose. Patients should be so advised and 
told to report immediately any signs or symptoms sugeen 
angioedema (swelling of face, eyes, lips, or tongue, or fficully in 
breathing) and to take no more drug until they have consulted with the 
d cA ate Symptomatic Hypotension: Patients should be 
cautioned that lightheadedness can occur, especially during the first 
days of therapy, and it should be reported to the prescribing aa 
Patients should be told that if syncope occurs, Lotensin should 
discontinued until the prescribing physician has been consulted. 

All patients should be cautioned that inadequate fluid intake or 
excessive perspiration, diarrhea, or vomiting can lead to an excessive 
fall in blood pressure, with the same consequences of lightheadedness 
and possible syncope. Hyperkalemia: Patients should be told not to 
use potassium supplements or salt substitutes containing potassium 
without consulting the prescribing physician. Meutropenia: Patients 
should be told to promptly report any indication of infection (e.g., sore 
throat, fever), which could be a sign of neutropenia. l 
Drug Interactions -Diuretics: Patients on diuretics, especially those in 
whom diuretic therapy was recently instituted, may occasionally 
experience an excessive reduction of blood pressure after initiation of 
therapy with Lotensin. The possibility of hypotensive effects with 
Lotensin can be minimized by either discontinuing the diuretic or 
increasing the salt intake prior to initiation of treatment with Lotensin. 
If this is not possible, the starting dose should be reduced (see 
DOSAGE ADMINISTRATION). Potassium Supplements and 
Potassium-Sparing Diuretics: Lotensin can attenuate potassium loss 
caused by thiazide diuretics. Potassium-sparing diuretics — 
(spironolactone, amiloride, triamterene, and others) or potassium 
supplements can increase the risk of hyperkalemia. Therefore, if — 
concomitant use of such agents is indicated, they should be given with 
caution, and the patient's serum potassium should be monitored 
frequently. Oral Anticoagulants: \nteraction studies with warfarin and 
acenocoumarol failed to identify any clinically important effects on the 
serum concentrations or clinical effects of these anticoagulants. 
Lithium: Increased serum lithium levels and symptoms of lithium 
toxicity have been reported in patients receiving ACE inhibitors during 
therapy with lithium. These drugs should be coadministered with 
caution, and frequent monitoring of serum lithium levels is — 
recommended. If a diuretic is also used, the risk of lithium toxicity may 
be increased. Other: No clinically important pharmacokinetic _ 
interactions occurred when Lotensin was administered concomitantly 
with nydrochlorothiazide, chlorthalidone, furosemide, digoxin, 
propranolol, atenolol, naproxen, or cimetidine. 

Lotensin has been used concomitantly with beta-adrenergic- _ 
blocking agents, calcium-channel-blocking agents, diuretics, digoxin, 
and hydralazine, without evidence of clinically important adverse 
interactions. Benazepril, like other ACE inhibitors, has had less than 
additive effects with — blockers, presumably because 
both drugs lower blood pressure by inhibiting parts of the renin- 
angiotensin system. 
Carcinogenesis, "emm — Fertility No evidence 
of carcinogenicity was found when enazepril was administered by 
pavage to rats and mice for up to two years at doses of up to 150 mg/ 

(g/day. When compared on the basis of body weights, this dose is 110 
times the maximum recommended human dose. When compared on 
the basis of body surface areas, this dose is 18 and 9 times (rats and 
mice, respectively) the maximum recommended human dose 
(calculations assume a patient weight of 60 Kg). No mutagenic activity 
was detected in the Ames test in bacteria (with or without metabolic 
activation), in an in vitro test for forward mutations in cultured 
mammalian cells, or in a nucleus anomaly test. In doses of 50-500 
mg/kg /day (6-60 times the maximum recommended human dose 
based on mg/m? comparison and 37-375 times the maximum i 
recommended human dose based on a mg/kg comparison), Lotensin 


es o ne effect on the reproductive performance of male ai 
emale rats. 

nh wd Category D See WARNINGS, Fetal/Neonatal Morbidity 
Nursing Mothers Minimal amounts of unchanged benazepril and 
benazeprilat are excreted into the breast milk of lactating women 
treated with benazepril. A newborn child ingesting entirely breast 
would receive less than 0.1% of the mg/kg maternal dose of 
benazepril and benazeprilat. 

c Use Of the total number of patients who received benaz 
in U.S. clinical studies of Lotensin, 18% were 65 or older while 2 
were 75 or older. No overall differences in effectiveness or safety 
Observed between these patients and younger patients, and other 
reported clinical experience has not identified differences in respc 
between the oan and — patients, but greater sensitivity o 
some older individuals cannot be ruled out. 

red d a Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS Lotensin has been evaluated for safety in « 
6000 patients with hypertension; over 700 of these uum were 
treated for at least one year. The overall incidence of reported advi 
events was comparable in Lotensin and placebo patients. 

The reported side effects were generally mild and transient, ar 
there was no relation between side effects and age duration of 
therapy, or total dosage within the range of 2 to 80 mg. 
Discontinuation of therapy because of a side effect was required ir 
approximately 5% of U.S. patients treated with Lotensin and in 3% 
patients treated with placebo. A) 

The most common reasons for discontinuation were headach 
(0.695) and cough Ve E 

In placebo-controlled trials, cough was reported by 68 of 200 
benazepril-treated patients (3.4%) and by 7 of 525 placebo-treatec 
er (1.3%). This was the only adverse effect with incidence at 
east 1% that was significantly more frequent in benazepril-treated 
patients than in patients treated with placebo. 

The side effects considered possibly or probably related to stu 
drug that occurred in U.S. controlled trials in more than 196 of pat 
treated with Lotensin are shown below. 

PATIENTS IN U.S. PLACEBO-CONTROLLED STUDIES 
LOTENSIN PLACEBO 


y - 1629) (N - 498) 

0, 0, 
Headache 2 4 à 
Dizziness 53 3.3 12 24 
Fatigue 42 2.6 11 2.2 
Cough 31 1.9 5 1.0 
Nausea 23 14 9 0 


1j 
Other adverse experiences reported in controlled clinical trials 

less than 1% of benazepril patien | and rarer events seen in 
postmarketing experience, Include the following (in some, a causa 
relationship to drug use is uncertain): Cardi lar: Symptome 
oen was seen in 0.3% of patients, postural hypotension ir 
0.4%, and syncope in 0.1%; these reactions led to discontinuation 
therapy in 4 patients who had received benazepril monotherapy an 
9 parens who had received benazepril with hydrochlorothiazide (s 
PRECAUTIONS and WARNINGS). Other reports included angina ~ 
pectoris, palpitations, and peripheral edema. Renal: Of rtensi 
patients with no apparent preexisting renal disease, about 2% have 
sustained increases in serum creatinine to at least 150% of their 
baseline values while receiving Lotensin, but most of these increas 
have ge red despite continuing treatment. A much smaller 
fraction of these patients (less than 0.1%) developed simultaneou: 
(usually transient) increases in blood urea nitrogen and serum _ 
Creatinine. oedema: Angioedema has been reported in patien 
receiving ACE inhibitors. During clinical trials in hypertensive patie! 
with benazepril, 0.5% of patients experienced edema of the lips or 
without other manifestations of angioedema. Angioedema associz 
with po oi edema and/or shock may be fatal. If angioedema of 
face, extremities, lips, aee or glottis and/or larynx occurs, 
treatment with Lotensin should be discontinued and appropriate 
therapy instituted immediately (see WARNINGS). Gastrointestina 


Constipation, gastritis, vomiting, and melena. Dermatologic: App: 
ypersenstl reactions ME iare ENS S, OF ra! 
and flushing. Meurologic and Psychiatric: Anxiety, decreased libic 


hypertonia, insomnia, nervousness, and paresthesia. Other: Arthr: 
arthritis, asthenia, asthma, bronchitis, dyspnea, rna. infectit 
myalgia, sinusitis, sweating, and urinary tract infection. 
Clinical Laboratory Test Findings i . , 
Creatinine and Blood Urea Nitrogen: Of peas patients wit 
apparent preexisting renal disease, about 2% have sustained incre 
in serum Creatinine to at least 150% of their baseline values while 
receiving Lotensin, but most of these increases have disappeared 
despite continuing treatment. A much smaller fraction of these pati 
(less than 0.1%) developed simultaneous (usually transient) incre: 
in blood urea nitrogen and serum creatinine. None of these increas 
required discontinuation of treatment. Increases in these laboraton 
values are more likely to occur in patients with renal insufficiency c 
those pretreated with a diuretic and, based on experience with othe 
ACE inhibitors, would be expected to be especially likely in patients 
with renal artery stenosis (see PRECAUTIONS, General). _ 
Potassium: Since benazepril decreases aldosterone secretion, 
elevation of serum potassium can occur. Potassium supplements | 
potassium-sparing diuretics should be given with caution, and the 
ee serum potassium should be monitored frequently (see 
RECAUTIONS). Hemoglobin: Decreases in hemoglobin (a low vi 
and a decrease of 5 g/dL) were rare, occurring in only 1 of 2014 
em receiving Lotensin alone and in 1 of 1357 patients receivin 
otensin plus a diuretic. No U.S. patients discontinued treatment 
because of decreases in hemoglobin. Other (causal relationships 
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yrmalities. 

RDOSAGE Single oral doses of 3 g/kg benazepril were associated 

significant lethality in mice. Rats however, tolerated single oral 

is of up to 6 g/kg. Reduced activity was seen at 1 Jg in mice and at 

(g in rats. Human overdoses of benazepril have not been reported, 

he most common manifestation of human benazepril overdosage Is 

[b be hypotension. . 
boratory determinations of serum levels of benazepril and its . 
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ose. 

No data are available to suggest physiological maneuvers (6.g., 
euvers to change the pH of the ed that might accelerate 

ination of benazepril and its metabolites. Benazeprilat can be 
oved from the body by dialysis, but this intervention should rarely, if 


, be required. 
Angiotensin Il could presume serve as a specific antagonist- 
jote in the setting of benazepril overdose, but angiotensin II is 
intially unavailable outside of scattered research facilities. Because 
oon effect of benazepril is achieved through vasodilation and 
stive hypovolemia, it is reasonable to treat benazepril overdose by 
sion of normal saline solution. 1B 

SAGE AND ADMINISTRATION The recommended initial dose for 

ants not receiving a diuretic is 10 mg once-a-day. The usual — 
ntenance dosage range is 20-40 mg por day administered as a single 
e or in two equally divided doses. A dose of 80 mg givesan — 
eased response, but experience with this dose is limited. The divided 
men was more effective in controlling trough (pre dosing) blood 
ssure than the same dose given as a on ily regimen. Dosage 
istment should be based on measurement of peak (2-6 hours after 
ing) and trough responses. If a once-daily regimen does not give 
quate trough response an increase in dosage or divided 

linistration should be considered. If blood pressure is not controlled 

\ Lotensin alone, a diuretic can be added. 

Total vm he pr above 80 mg have not been evaluated. 
Concomitant administration of Lotensin with potassium 

plements, potassium salt substitutes, or potassium- 

ring diuretics can lead to increases of serum potassium 
PRECAUTIONS). ye 

In patients who are currently being treated with a diuretic, 

iptomatic hypotension occasionally can occur following the 

al dose of Lotensin. To reduce the likelihood of hypotension, the 

retic should, if possible, be discontinued two to three days prior to 
inning therapy with Lotensin (see WARNINGS). Then, if blood 

ssure is not controlled with Lotensin alone, diuretic therapy should be 


umed. 
If the diuretic cannot be discontinued, an initial dose of 5 mg 
ensin should be used to avoid excessive hypotension. 
t in Renal Impairment à 
tients with a creatinine clearance <30 mL/min/1.73 m? (serum 
inine »3 mg/dL), the recommended initial dose is 5 mg Lotensin 
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suu d, SRI a T OPE Ue A ut CFT. ^ DE ERE RR IRE ERDARG 
Prognostic Value of Exercise Thallium Scintigraphy in Patients 
with Good Exercise Tolerance, a Normal or Abnormal Exercise 
Electrocardiogram and Suspected or Confirmed Coronary 
Artery Disease 

Leonard F. Fagan, Jr., Leslee Shaw, Barbara A. Kong, Dennis G. Caralis, 
Robert D. Wiens, and Bernard R. Chaitman 


The prognostic value of exercise thallium scintigraphy was evaluated in 
299 patients without prior myocardial infarction or revascularization pro- 
cedures able to exercise into 7 stage III of the Bruce protocol. Of 185 
patients with a normal exercise electrocardiogram, the incidence of cardi- 
ac events was 3% (5 of 150) in patients with a normal scan versus 0% (0 of 
35) in patients with an abnormal scan. Of 114 patients with an abnormal 
exercise electrocardiogram, an abnormal thallium scan was predictive of 
cardiac events (18% [8 of 44] vs 3% [2 of 70]; p = 0.006). Thus, in patients 
with known or suspected coronary artery disease who have good exercise 
tolerance and a normal exercise electrocardiogram, thallium scintigraphy 
does not add prognostic information and is not cost-effective. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


EET SEE DID REN ar oe HD Oe DT MY AM DOI o, A oe E ha RN 
Comparison of a Vectorcardiographically Derived 12-Lead 
Electrocardiogram with the Conventional Electrocardiogram 
During Wide QRS Complex Tachycardia, and Its Potential 
Application for Continuous Bedside Monitoring 

Barbara J. Drew, Melvin M. Scheinman, and G. Thomas Evans, Jr. 


To evaluate the diagnostic accuracy of a vectorcardiographically derived 
12-lead electrocardiogram (ECGp), baseline tracings and 64 wide QRS 
complex tachycardia tracings were recorded from 49 patients during car- 
diac electrophysiologic study with simultaneous conventional and ECGp 
leads. There was perfect agreement between the 2 lead systems in morpho- 
logic criteria for ventricular tachycardia in leads V,, V; and Ve, and in 
criteria requiring axis determination and measurement of RS intervals in 
the precordial leads. Thus, the ECGp was equally as valuable as the 
conventional electrocardiogram in distinguishing ventricular from supra- 
ventricular tachycardia with aberrant conduction. Despite QRS differ- 
ences between the 2 lead systems in leads V3 and V4 in many patients, 
baseline ECGps were comparable to conventional electrocardiograms for 
diagnosing intraventricular conduction defects, ventricular preexcitation 
patterns, frontal plane QRS axis and prior myocardial infarction. Re- 
duced QRS voltage in the ECGp resulted in an inability to detect left 
ventricular hypertrophy in one third of patients with that diagnosis. 


Continued on page A29 
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"SEANG dose: One tablet rap for most patients 

m Coated tablet for easier swallowing 

m Easily identified as Quinidex 

m No difference in GI tolerability compared with quinidine gluconate? 
m The most frequently prescribed quinidine brand? 


QuinidexExtentabs 


(quinidine sulfate extended-release tablets, USP} 300 mg 
Trust experience. 


The appearance of this tablet is a trademark of A.H. Robins 
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(quinidine sulfate extended-release tablets, USP) 300 mg 
Trust experience. 


The following is a brief summary only. Before prescribing. see complete prescribin 
information in Quinidex product labeling. = P 


Contraindications: Intraventricular conduction defects. Complete A-V block. A-V con- 
duction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
—— lo escape mechanisms. Idiosyncracy or hypersensitivity to quinidine or 
cinchona derivatives. Myasthenia gravis. 

Warnings: in the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
bya ressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 
extremely rapid ventricular rate. This possible hazard may be reduced by digitalization 
prior to administration of quinidine 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on con- 
comitant therapy should be carefully monitored for digitalis toxicity Reduction of 


pi rene s have to be considered. 
; tations of quinidine rac ef such as excessive prolongation of the QT 
interval, widening of the ORS complex and ventricular tach yarrhythmias mandate 
—— discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by hypotension, b ia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 

Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Guinidine may cause abnor- 
malities of cardiac rhythm in digitalized patients and therefore should be used with 
caution in the presence of digitalis intoxication. 

Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
raid because of potential accumulation of quinidine in serum, leading to 

Patients taking quinidine occasionally have syncopal episodes which usually result 
from ventricular tachycardia or fibrillation. This syndrome ^as not been shown to be 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously 
or in response to treatment, but sometimes are fatal. 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine hyper- 
sensitivity have been reported. Unexplained fever and/or etevation of hepatic enzymes. 
particularly in the early stages of therapy. warrant consideration of possible hepatotox- 
icity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity 

: General —AII the precautions applying to regular quinidine therapy apply 
to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although rare, 
should be considered, especially during the first weeks of therapy. Hospitalization for 
close clinical observation, electrocardiographic monitoring. and determination of serum 
quinidine levels are indicated when large doses of quinidine are used or with patients 
who present an increased risk. 

Information for Patients — As with all solid dosage medications, Quinidex Extentabs 
should be taken with an adequate amount of fluid. preferably with the patient in an 
upright position to facilitate swallowing. They should be swallowed whole in order to 
preserve the controlled-release mechanism. 

Laboratory Tests — Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy; the drug should be discontinued if blood 

ias or evidence of hepatic or renal dysfunction occurs. 
Drug Interactions "os 


Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 


Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 
Quinidine with tubocurare, Potentiation of neuro- 
succinylcholine and muscular blockade 
decamethonium 
Quinidine with phenothiazines Additive cardiac 
and reserpine depressive effects 
Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital, half-life of quinidine 
phenytoin, rifampin) 
Quinidine with digoxin Increased serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine haif-life and an increase in 


serum quinidine level; potential 
hypotensive reactions 


Quinidine with nifedipine Decreased serum coneentrations of quinidine 
ji : Studies in animals have not been performed to evaluate the carcino- 
genic potentia! of quinidine. 


Pregnancy, Teratogenic Effects: Pregnancy Category C. Animal reproduction studies 
have not been conducted with quinidine. There are no adequate and well-controlled 
studies in pe women. Quinidex Extentabs should be administered to a pregnant 
woman only if clearly indicated. "Y 

scaring Mi Effects: Like quinine, quinidine has been reported to have oxytocic 
sree he significance of this property in the clinical setting has not been 
establi 

Labor and Delivery —There is no known use for Quinidex Extentabs in labor and deliv- 
ery. However, quinidine has been reported to have oxytocic properties. The significance 
of this property in the clinical setting has not been established 

Nursing — Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a-nursing woman. 

Pediatric Use —There are no adequate and well-controlled studies establishing the 
safety and effectiveness of Quinidex Extentabs in children 
Adverse Reactions: Symptoms of cinchonism, such as ringing in the ears, loss of hear- 
ing. dizziness, lightheadedness, headache, nausea. and/or disturbed vision may appear 
in sensitive patients after a single dose of the drug. The most frequently encountered 
side effects to quinidine are gastrointestinal. 

Gastrointestinal — Nausea, vomiting. abdominal pain. diarrhea, anorexia, granu- 
lomatous hepatitis (which may be preceded by fever). esophagitis. 

Cardiovascular —Ventricular extrasystoles occurring at a rate of one or more every 6 
normal beats; widening of the QRS complex and prolonged CT interval; complete A-V 
block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes; 
arterial embolism; hypotension; syncope. 

Central Nervous System — Headache, vertigo, apprehension. excitement, confusion. 
delirium, dementia, ataxia, depression 

thalmologic and Otologic — Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision. disturbed color perception, photo- 
phobia, diplopia, night blindness, scotomata). optic neuritis, reduced visual field. 

Dermatologic — Cutaneous flushing with intense pruritus, photosensitivity, urticaria, 
rash, eczema, exfoliative eruptions, psoriasis, abnormalities of pigmentation. 

Hypersensitivity—Angioedema, acute asthmatic episode, vascular collapse, respira- 
tory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings). purpura. 


vasculitis. 

—Thrombocytopenia, thrombocytopenic purpura, agran osis, acute 
hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in ditferential 
neutropenia. 

immunologic — Systemic lupus erythematosus, lupus nephritis. 
Miscellaneous — Fever, increase in serum skeletal muscle creatine phosphokinase, 
arthralgia, myalgia. Rev. October 1987 
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Prospective Detection of Vulnerability to Sustained Ventricular 
Tachycardia in Patients Awaiting Cardiac Transplantation 
Bruce D. Lindsay, Judy L. Osborn, Kenneth B. Schechtman, Joseph L. 
Kenzora, H. Dieter Ambos, and Michael E. Cain 


This prospective study was performed to determine whether results of 
signal-averaged electrocardiographic (ECG) analysis and the response to 
programmed ventricular stimulation identify patients awaiting cardiac 
transplantation at risk for sustained ventricular tachycardia (VT) or ven- 
tricular fibrillation (VF). Thirty-seven patients with advanced heart fail- 
ure were studied. Sustained monomorphic VT was induced in 8 patients 
(22%) and polymorphic VT or VF was induced in 5 (13%). During a mean 
follow-up of 12 months, 4 patients (11%) died suddenly and 4 (11%) had 
nonfatal sustained VT or VF. The positive predictive value for arrhythmic 
events (sudden death or nonfatal VT/VF) was 27% for the signal-aver- 
aged electrocardiogram, 3896 for programmed ventricular stimulation, 
and 5096 if both tests were abnormal. Actuarial arrhythmic event-free 
survival was lower in patients with inducible ventricular arrhythmias 
(p = 0.017) and in patients in whom both the results of signal-averaged 
ECG analysis and the response to programmed ventricular stimulation 
were abnormal (p = 0.002). This study demonstrates that results of sig- 
nal-averaged ECG analysis and the response to programmed ventricular 
stimulation improve risk stratification for ventricular arrhythmias in pa- 
tients awaiting cardiac transplantation. 
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Superiority of a Vertical Sternal Lead for Detection of 
Arrhythmias During Ambulatory Electrocardiographic 
Monitoring 

Peter Ott, Frank |. Marcus, William A. Scott, Anthony C. Caruso, Lionel 
H. Faitelson, and Elizabeth Hahn 


A nonstandard vertical lead system was compared with a standard modi- 
fied V, lead during routine ambulatory electrocardiographic recordings in 
50 patients. P-wave area and amplitude were greater in this sternal lead. 
Furthermore, sternal lead tracings had less noise and were of overall 
higher quality. This provided improved P-wave visibility in premature 
atrial contractions and supraventricular tachycardia during ambulatory 
electrocardiographic monitoring, thereby improving arrhythmia diagno- 
sis. Therefore, it is suggested that the vertical sternal lead replace the 
currently used modified V; and be used in conjunction with the modified 
Vs during ambulatory electrocardiographic recordings. 


B2B. LL VEU xL. eed dE pigs EA | ri Cs ees MU 
Bradycardia-Induced Abnormal QT Prolongation in Patients 
with Complete Atrioventricular Block with Torsades de Pointes 
Takashi Kurita, Tohru Ohe, Nobuyuki Marui, Naohiko Aihara, Hiroshi 
Takaki, Shiro Kamakura, Mokuo Matsuhisa, and Katsuro Shimomura 


Fourteen patients with complete atrioventricular block were divided into 2 
groups: 6 patients with (TdP[+]) and 8 without (TdP[—]) torsades de 
pointes. The patients were evaluated before (acute period) and after 
(chronic period) pacemaker implantation. In the acute period, the QT and 
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QTc intervals were significantly longer in the TdP(+) than in the TdP( —) 
group. In the chronic period, the QT-interval changes were examined in 
relation to the heart rate (from 90 or 100 to 50 beats/min). The QT 
interval in the TdP(+) group was significantly prolonged compared with 
that in the TdP(—) group when the pacing rate was decreased to <60 
beats/min. Patients with complete atrioventricular block with TdP had 
a bradycardia-sensitive repolarization abnormality and this character- 
istic remained after pacemaker implantation. The critical heart rate 
that induced abnormal QT prolongation in the TdP(+) group was <60 
beats/min. 


e a t 2D aa Ee o La Id, o iua n cre: OT E n 
Assessment of QT Dispersion in Symptomatic Patients with 
Congenital Long QT Syndromes 

Nicholas J. Linker, Paolo Colonna, Christopher A. Kekwick, Janice Till, A. 
John Camm, and David E. Ward 


QT dispersion recorded on the surface electrocardiogram has been consid- 
ered to be a predictor of arrhythmic events in patients with congenital long 
QT syndromes. Nine patients with congenital long QT syndromes, all of 
whom had syncope and documented torsades de pointes, were studied off 
treatment and during therapy with 6-blocking agents. Three patients were 
also studied after left stellate ganglionectomy. An age-matched control 
group was also studied. Good quality 12-lead electrocardiograms were 
recorded from all patients. QT and RR intervals were measured, and the 
QTc value was calculated for each lead; QT and QTc dispersions were 
calculated for each patient. Patients had significantly longer QT and QTc 
dispersions than did the control group (110 + 45 vs 43 + 12 ms 
[p = 0.004], and 0.108 + 0.03 vs 0.05 0.02 s!/2 [p = 0.002], respective- 
ly). QT and QTc dispersions on and off 8-blocking agents were not 
significantly different. In comparing patients with frequent and infrequent 
symptoms, there was no difference in QT interval, QTc value, and QT and 
QTc dispersions off treatment. QT dispersion was significantly greater 
with treatment in patients whose symptoms were suppressed (186 + 51 vs 
92 + 32 ms; p = 0.024). There was no change in QT or QTc dispersion, 
mean QT or RR interval, or mean QTc value after left stellate ganglionec- 
tomy. QT-interval dispersion is observed in patients with congenital long 
QT syndromes, but the degree of dispersion is not related to the severity of 
symptoms, nor influenced by treatment with 8-blocking agents. 


SYSTEMIC HYPERTENSION 
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Antihypertensive Effect of Felodipine Associated with 
Persistent Sympathetic Activation and Minimal Regression of 
Left Ventricular Hypertrophy 

Frans H. H. Leenen and Donna L. Holliwell 


Twenty patients with hypertension persisting with chronic 8-blocker ther- 
apy were studied to evaluate the acute, short-term and chronic effects of 
the calcium antagonist felodipine on blood pressure (BP), left ventricular 
(LV) anatomy and function, and plasma norepinephrine. The first dose of 
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(LOVASTATIN) 


. CONTRAINDICATIONS: Hypersensitivity to any component of this medication. 


Active liver disease or unexplained persistent elevations of serum transami- 
nases (see WARNINGS). 

Pregnancy and lactation. 

Atherosclerosis is a chronic process, and the discontinuation of lipid-lower- 
ing drugs during pregnancy should have little impact on the outcome of long- 
term therapy of primary hypercholesterolemia. Moreover, cholesterol and other 

roducts of the cholesterol biosynthesis pathway are essential components for 
etal ride eh including synthesis of steroids and cell membranes. 
Because of the ability of inhibitors of HMG-CoA reductase such as MEVACOR 
to decrease the synthesis of cholesterol and ee other products of the 
cholesterol biosynthesis pathway. MEVACOR may cause fetal harm when 
administered to a pregnant woman. Therefore, lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of childbearing 
age only when such patients are highly unlikely to conceive. If the patient 
becomes pregnant while taking this drug, lovastatin should be discontinued, 
and the patient should be apprised of the potential hazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more than 3 
times the upper limit of normal) in serum transaminases occurred in 1.9% of 
adult patients who received lovastatin for at least 1 year in early clinical trials 
(see ADVERSE REACTIONS). When the drug was interrupted or 
discontinued in these patients, the transaminase levels usually fell slowly to 
pretreatment levels. The increases usually appeared 3 to 12 months after the 
start of therapy with lovastatin and were not associated with jaundice or other 
clinical signs or symptoms. There was no evidence of gpl In the 
EXCEL study (see CLINICAL PHARMACOLOGY, Clinica/ Studies in the full 
Prescribing Information), the incidence of marked persistent increases in 
serum transaminases over 48 weeks was 0.1% for placebo, 0.1% at 20 
mg/day, 0.9% at 40 mg/day, and 1.5% at 80 ma in patients on lovastatin. 
However, in post-marketing experience with MEVACOR, symptomatic liver dis- 
ease has been reported rarely at all dosages (see ADVERSE REACTIONS). 

It is recommended that liver function tests be pertormed during therapy 


. with lovastatin. Serum transaminases, including ALT (SGPT), should be 


monitored before treatment begins, every 6 weeks during the first 3 months, 
every 8 weeks during the remainder of the first year, and periodically there- 
after (e.g., at approximately 6-month intervals). Special attention should be 
paid to patients who n elevated serum transaminase levels, and, in these 
patients, measurements should be repeated promptly and then performed 
more ren. If the transaminase levels show evidence of progression, par- 
ticula they rise to 3 times the upper limit of normal-and are persistent, the 
drug should be discontinued. Liver biopsy should be considered if elevations 
are persistent beyond the discontinuation of the drug. 

drug should be used with caution in patients who consume substantial 
quantities of alcohol and/or have a past history of liver cisease. Active liver dis- 
ease or unexplained transaminase elevations are contraindications to the use 
of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported follow- 
ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 
appeared soon after initiation of therapy with MEVACOR, were often transient, 
wer not a by any symptoms, and interruption of treatment was 
not required. 


Skeletal Muscle: Rhabdomyolysis has been associated with lovastatin ther- 
apy alone, when combined with immunosuppressive po d including 
cyclosporine in cardiac transplant patients, and when combined in non- 
transplant patients with either gemfibrozil or lipid-lowering doses (>1g/day) 
of nicotinic acid. Some of the affected patients had preexisting renal insu - 
ciency, usually as a consequence of long-standing diabetes. Acute renal 
failure from rhabdomyolysis has been seen more commonly with the lova- 


» ; ~ Statin-gemfibrozil combination and has also been reported in transplant 


patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported in 
seriously ill patients receiving erythromycin concomitantly with lovastatin. 
Therefore, patients receiving concomitant lovastatin and erythromycin should 
be carefully monitored. 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after initi- 
ation of combined therapy with gemfibrozil and lovastatin, but be seen 
after several months. For these reasons, it is felt that. in most subjects who 
have had an unsatisfactory lipid response to either drug alone, the possible 
benefits of combined therapy with lovastatin and gemfibrozil do not out- 

igh the risks of severe mop , rhabdomyolysis. and acute renal fail- 

While it is not known whether this interaction occurs with fibrates other 


w 
ure. 

.. than gemfibrozil, myopathy and rhabdomyolysis have occasionally been 
ass 


ociated with the use of other fibrates alone, including clofibrate. 
Therefore, the combined use of lovastatin with other fibrates should gener- 


ore 
be avoided. 

ians contemplating combined therapy with lovastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs and ripen ny of muscle pain, tenderness, or weak- 
ness, particularly during the initial months of therapy and during any peri- 
ods of ss dosage titration of either drug. Periodic creatine phosphoki- 
nase (CPK) determinations may be considered in such situations, but there 
is no assurance that such monitoring will prevent the occurrence of severe 
myopathy. The monitoring of lovastatin drug and metabolite levels may be 
considered in transplant patients who are treated with immunosuppressives 
and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in any 
patient with an acute, serious condition suggestive of a myopathy or having 
a risk factor predisposing to the development of renal failure secondary to 
rhabdomyolysis, including: severe acute infection, kypelonsion, major 
surgery, trauma, severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures. 

Myalgia has been associated with lovastatin therapy. Transient, mildly ele- 
vated CPK levels are commonly seen in lovastatin-treated patients. However, in 
early clinical trials, approximately 0.5% of patients developed a m i.e., 
T or muscle weakness associated with markedly elevated CPK levels. In 
the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), 5 patients (0.1%) taking lovastatin alone (1 at 40 mg 
q.p.m. and 4 at 40 mg dir developed m opsy (muscle symptoms and CPK 
levels >10 times the upper limit of Kaiman, yopathy should be considered in 
any patient with diffuse MS. muscle tenderness or weakness, and/or 
marked elevation of CPK. Patients should be advised to report promptly any 
unexplained muscle pain, tenderness, or weakness, particularly if accompanied 
by malaise or fever. Lovastatin therapy should be discontinued if markedly ele- 


vated CPK levels occur or myopathy is diagnosed or suspected. 


Most of the patients who have developed myopathy (including rhabdomyo- 
lysis) while taking lovastatin were receiving concomitant therapy with immuno- 
suppressive drugs, gemfibrozil, or lipid-lowering doses of nicotinic acid. In 
clinical trials, about 30% of patients on concomitant immunosuppressive ther- 
apy including cyclosporine developed myopathy; the corresponding percent- 
ages for gemfibrozil and niacin were approximately 5% and 2%, respectively. 

In 6 patients with cardiac transplants taking immunosuppressive therapy 
including cyclosporine concomitantly with lovastatin 20 mg/day, the average 
plasma level of active metabolites derived from lovastatin was elevated to 
approximately 4 times the expected levels. Because of am apparent relationship 
between increased plasma levels of active metabolites derived from lovastatin 
and myopatiy, the daily dosage in patients spit bet ett ge should 
not exceed 20 mg/day (see DOSAGE AND ADMINISTRATION). Even at this 
dosage, the benefits and risks of using lovastatin in patients taking immuno- 
suppressants should be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR, an attempt 
should be made to control hypercholesterolemia with appropriate diet, exer- 
cise, and weight reduction in obese patients, and to treat other underlying 
ee AE ems (see INDICATIONS AND USAGE in the full Prescribing 

orm ] 

peers may elevate CPK and transaminase levels (see WARNINGS and 
ADVERSE REACTIONS). This should be considered in tha differential diagnosis 
of chest pain in a patient on therapy with lovastatin. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less effective in 
eot with the rare homozygous familial hyperchoiesterolemia, possibly 

use these patients have no functional LDL receptors. MEVACOR appears 
to be more likely to raise serum transaminases (see ADVERSE REACTIONS) in 
these homozygous patients. 


Information for Patients: Patients should be advised to report promptly any 
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gnenta Immunosuppressive Drugs, Gemfibrozil, Niacin (Nicotinic 
AC 2: Erythromycin: See WARNINGS, Skeletal Muscle. 

oumarin Anticoagulants: |n a small clinical trial in which lovastatin was 
administered to warfarin-treated patients, no effect on prothrombin time was 
detected. Hcwever, another HMG-CoA reductase inhibitor has been found 
to produce a less than 2-second increase in prothrombin time in healthy 
volunteers receiving low doses of warfarin. Also, bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin antico- 
agulants concomitantly with lovastatin. It is recommended that in patients 
taking anticoagulants, prothrombin time be determined before starting lova- 
statin and frequently enough during early therapy to ensure that no significant 
alteration of prothrombin time occurs. Once a stable prothrombin time has 
been documented, prothrombin times can be monitored at the intervals usually 
recommended for patents on coumarin anticoagulants. If the dose of lova- 
Statin is changed, the same procedure should be repeated. Lovastatin therapy 
has not been associated with bleeding or with changes in prothrombin time in 
patients not taking anticoagulants. 

Antipyrine: Because lovastatin had no effect on the pharmacokinetics of 
antipyrine or its metabolites, interactions of other drugs metabolized via the 
same cytochrome isozymes are not expected. 

Propranolol: In normal volunteers, there was no clinically significant phar- 
macokinetic or pharmacodynamic interaction with concomitant administration 
of single doses of lovastatin and propranolol. 

Digoxin: \n patients with hypercholesterolemia, concomitant administration 
of lovastatin and digoxin resulted in no effect on digoxin plasma concentrations. 

Other Concomitant Therapy: Although specific interaction studies were not 
peraman, in clinical studies lovastatin was used concomitantly with beta 

lockers, calcium channel blockers, diuretics, and nonsteroidal anti-inflamma- 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactions. 


Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesterol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical trials with drugs in this class have been incon- 
sistent with regard to drug effects on basal and reserve steroid levels. 
However, clinical studies have shown that lovastatin does not reduce basal 
plasma cortisol concentration or impair adrenal reserve and does not reduce 
basal plasma testosterone concentration. Another HMG-CoA reductase 
inhibitor has been shown to reduce the plasma testosterone response to HCG. 
In the same study, the mean testosterone response to HCG was slightly but not 
significantly reduced after treatment with lovastatin 40 mg daily for 16 weeks 
in 21 men. The effects of HMG-CoA reductase inhibitors on male fertility have 
not been studied in adequate numbers of male patients. The effects, if any, on 
the pituitary-gonadal axis in premenopausal women are unknown. Patients 
treated with lovastatin who develop clinical evidence of endocrine dysfunction 
should be evaluated appropriately. Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholestero! levels is 
administered to patients also receiving other drugs (e.g., ketoconazole, 
spironolactone, cimetidine) that may decrease the levels or activity of endoge- 
nous steroid hormones. 


CNS Toxicity Lovastatin produced optic nerve degeneration (Wallerian degen- 
eration of retinogeniculate fibers) in clinically normal dogs in a dose-dependent 
fashion starting at 60 mg/kg/day, a dose that produced mean plasma drug lev- 
els about 30 times higher than the mean drug level in humans taking the high- 
est recommended dose (as measured by total enzyme inhibitory activity). 
Vestibulocochlear Wallerian-like degeneration and retinal pes cell chroma- 
tolysis were also seen in dogs treated for 14 weeks at 180 mg/kg/day, a dose 
that resulted in a mean plasma drug level (Cmax) similar to that seen with the 60 
mg/kg/day dose. ; 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular fibrin 
deposits, anc necrosis of small vessels, were seen in dogs treated with lova- 
statin at a dose of 180 mg/kg/day, a dose that produced plasma drug levels 
(Cmax) about 30 times higher than the mean values in humans taking 80 mg/day. 

"Similar optic nerve and CNS vascular lesions have been observed with other 
drugs of this class. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In a 21-month carcino- 
genic study in mice, there was a statistically significant increase in the inci- 
dence of hepatocellular carcinomas and adenomas in both males and females 
at 500 mg/kg/day. This dose produced a total plasma drug exposure 3 to 4 
times that of humans given the highest recommended dose of lovastatin ps 

n 
extracted plasma). Tumor increases were not seen at 20 and 100 mg/kg/day, 
doses that produced drug exposures of 0.3 to 2 times that of humans at the 80 
mg/day dose. A statistically significant increase in pulmonary adenomas was 
seen in female mice at prece nd 4 times the human drug exposure. 
n a mice were given 300 times the human dose [HD] on an M body 
weight basis, plasma levels of total inhibitory activity were only 4 times higher 
in mice than in humans given 80 mg of MEVACOR® [Lovastatin].) 

There was an increase in incidence of papilloma in the nonglandular 
mucosa of the stomach of mice beginning at exposures of 1 to 2 times that of 
humans. The glandular mucosa was not affected. The human stomach con- 
tains only glandular mucosa. 

In a 24-month carcinogenicity study in rats, there was a positive dose- 
response relationship for hepatocellular carcinogenicity in males at drug expo- 
sures 2 to 7 times that of human exposure at 80 mg/day (doses in rats were 5, 
30, and 180 mg/kg/day). 

A vin rs drug in this class was administered to mice for 72 
weeks at 25. 100, and 400 mg/kg body weight, which resulted in mean serum 
drug levels approximately 3, 15, and 33 times higher than the mean human serum 
drug concentration (as total inhibitory activity) after a 40-mg oral dose. Liver 
carcinomas were significantly increased in high-dose females and mid- and 
high-dose males, with a maximum incidence of 9096 in males. The incidence of 
adenomas of the liver was significantly increased in mid- and high-dose 
females. Drug treatment also significantly increased the incidence of lung ade- 
nomas in mid- and high-dose males and females. Adenomas of the Harderian 
gland (a gland of the eye of rodents) were significantly higher in high-dose 
mice than in controls. 

No evidence of mutagenicity was observed in a microbial! mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or mouse 
liver metabolic activation. In addition, no evidence of damage to genetic mate- 
rial was noted in an in vitro alkaline elution assay using rat or mouse hepato- 
dece a V-79 mammalian cell forward mutation study, an in vitro chromosome 
aberration study in CHO cells, or an in vivo chromosomal aberration assay in 
mouse bone marrow. 

Drug-related testicular atrophy, decreased spermatogenesis, spermatocytic 
degeneration, and giant cell formation were seen in dogs starting at 20 
mg/kg/day. Similar findings were seen with another drug in this class. No drug- 
related effects on fertility were found in studies with lovastatin in rats. However, 
in studies with a similar drug in this class, there was decreased fertility in male 
rats treated for 34 weeks at 25 mg/kg body weight, although this effect was not 
observed in a subsequent fertility study when this same dose was administered 
for 11 weeks (the entire cycle of spermatogenesis, including epididymal matura- 
tion). In rats treated with this same reductase inhibitor at 180 m day, semi- 
niferous tubule degeneration (necrosis and loss of spermatogenic epithelium) 
was observec. No microscopic changes were observed in the testes from rats 
of either study. The clinical significance of these findings is unclear. 


$e reef deri Category X: See CONTRAINDICATIONS. 

fety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malformations at plasma levels 40 times the human 
exposure (for mouse fetus) and 80 times the human exposure (for rat fetus) 
based on mg/m' surface area (doses were 800 mg/kg/day). No drug-induced 
changes were seen in either ttr at multiples of 8 times (rat) or 4 times 
(mouse) the human exposure based on surface area. No evidence of malfor- 
mations was noted in rabbits at exposures up to 3 times the human exposure 
(dose of 15 mg/kg/day, highest tolerated dose). MEVACOR should be adminis- 
tered to women of eroi potene only when such patients are highly 
unlikely to conceive and have been informed of the potential hazards. If the 
woman becomes pregnant while taking MEVACOR, it should be discontinued, 
and the patient advised again as to the potential hazards to the fetus. 


Nursing Mothers: It is not known whether lovastatin is excreted in human milk. 
Because a small amount of another drug in this class is excreted in human 
breast milk and because of the potential for serious adverse reactions in nurs- 
d. women taking MEVACOR should not nurse their infants (see CON- 
TRAINDICATIONS). 


Pediatric Use: Safety and effectiveness in children and adolescents have not 
been established. Because children and adolescents are not likely to benefit 
from cholesterol lowering for at least a decade and because experience with 
this drug is limited (no studies in subjects below the age of 20 years), treat- 
ment of children with lovastatin is not recommended at this time. 
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adverse reactions usually have 


due to increases in serum transaminases, The median duration of therapy in 
these extensions was 5.2 years. 

In the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the 
full Prescribin Palins (d 4.6% of the patients treated up to 48 weeks were 
discontinued due to clinical or laboratory adverse experiences that were rated 
by the investigator as irae probably, or definitely related to therapy with 

EVACOR. The value for the placebo group was 2.5%. 


Clinical Adverse Experiences: Adverse experiences reported in patients (%) 
treated with MEVACOR (n=613) in controlled clinical studies are: 
Gastrointestinal: constipation, 4.9; diarrhea, 5.5; dyspepsia, 3.9; flatus, 6.4: 
abdominal pain/cramps, 5.7; heartburn, 1.6; nausea, 4.7; Musculoskeletal: 
muscle cramps, 1.1; myalgia, 2.4; Nervous System/Psychiatric: dizziness, 2.0; 
headache, 9.3; Skin: rash/pruritus, 5.2; Special Senses: blurred vision, 1.5; 
dysgeusia, 0.8. 


Laboratory Tests: Marked persistent increases of serum transaminases have 
been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The corre- 
sponding values for the control agents were cholestyramine, 9%, and probu- 
Col, 2%. This was attributable to the noncardiac fraction of CPK. Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletal Muscle). 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinical Adverse 
Experiences: MEVACOR was compared to placebo in 8,245 patients with 
hypercholesterolemia (total cholesterol 240 to 300 mgo [6.2-7.8 mmol/L]} in 
the randomized, double-blind, parallel, 48-week EXCEL study. Clinical adverse 
experiences reported as possibly, probably, or definitely drug related in >1% of 
any treatment group are shown in the table below. For no event was the inci- 
dence on drug and placebo statistically different. 


MEVACOR 
Placebo 20 mg q.p.m. 40 mg q.p.m. 20mgbid. 40 mg bid. 


(n21,663) (n=1,642)  (n-1,645)  (n-1,646)  (n-1.649) 
% % % % % 

Body as a Whole 

Asthenia 1.4 1.7 14 1.5 1.2 
Gastrointestinal 

Abdominal pain 1.6 2.0 2.0 2.2 25 

Constipation 1.9 2.0 32 3.2 3.5 

Diarrhea 2.3 2.6 24 2.2 2.6 

Dyspepsia 1.9 13 1.3 1.0 1.6 

Flatulence 42 3.7 43 3.9 45 

Nausea 2.5 1.9 2.5 2.2 2.2 
Musculoskeletal 

Muscle cramps — 0.5 0.6 0.8 14 10 

Myalgia 17 2.6 1.8 2.2 3.0 
Nervous System/ 
Psychiatric 

Dizziness 0.7 0.7 1.2 0.5 0.5 

Headache 2.7 2.6 2.8 2.1 3.2 
Skin 

Rash 0.7 0.8 1.0 1.2 1.3 
Special Senses 

Blurred vision 0.8 1.1 0.9 0.9 12 


Other clinical adverse Sio ences reported as possibly, probably, or defi- 
nitely drug related in 0.5 to 1% of patients in any drug-treated group are listed 
below. In all these cases, the incidence on drug and placebo was not statistical- 
y different. Body as a Whole: chest pain; Gastrointestinal: acid regurgitation, 

ry mouth, vomiting; Musculoskeletal: leg pain, shoulder pain, arthralgia; 
Nervous System/Psychiatric: insomnia, paresthesia; Skin: alopecia, pruritus; 
Special Senses: eye irritation. 


Concomitant Therapy: In controlled clinical studies in which lovastatin was 
administered concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were observed. The adverse reactions that 
occurred were limited to those reported previously with lovastatin 
or cholestyramine. Other lipid-lowering agents were not administered con- 
comitantly with lovastatin during controlled clinical studies. Preliminary data 
suggest that the addition of either probucol or gemfibrozil to therapy with 
lovastatin is not associated with greater reduction in LDL cholesterol than that 
achieved with lovastatin alone. In uncontrolled clinical studies, most of the 
patients who have developed myopathy were receiving concomitant therapy 
with immunosuppressive drugs, gemfibrozil, or niacin (nicotinic acid) (see 
WARNINGS, Skeletal Muscle). 


The following effects have been reported with drugs in this class: 

Skeletal: cra rhabdomyolysis, arthralgias. 

Neurological: dystunction of certain cranial nerves (including alteration of 
taste, impairment of extraocular movement, facial paresis), tremor, vertigo, 
memory loss, paresthesia, peripheral neuropathy, peripheral nerve palsy, anxi- 
ety, insomnia, depression. 

Hypersensitivity Reactions: an apparent hypersensitivity syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis, angioedema, lupus erythematous-like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic ane- 
mia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, photo- 
sensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal necrolysis, 
erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver; and rarely, cirrhosis, fulminant hep- 
atic necrosis, and hepatoma; anorexia, vomiting. 

Skin: alopecia. 

Reproductive: gynecomastia, loss of libido, erectile dysfunction. 

Eye: progression of cataracts (lens opacities), ophthalmoplegia. 


Laboratory Abnormalities: elevated transaminases, alkaline phosphatase, and 
bilirubin; thyroid function abnormalities. 


OVERDOSAGE: After oral administration of MEVACOR to mice, the median 
lethal dose observed was >15 g/m?. 

Five healthy human volunteers have received up to 200 mg of lovastatin as 
a single dose without clinically significant adverse experiences. A few cases of 
accidental overdosage have been reported: no patients had any specific symp- 
tamg; one all patients recovered without sequelae. The maximum dose taken 
was 5 to 6 g. 

Until further experience is obtained, no specific treatment of overdosage 
with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a standard 
cholesterol-lowering diet before receiving MEVACOR should continue on 
this diet during treatment with MEVACOR. MEVACOR should be given with meals. 

The recommended starting dose is 20 mg once a day given with the evening 
meal. The recommended dosing range is 20 to 80 mg/day in single or divided 
doses; the maximum recommended dose is 80 mg/day. Adjustments of dosage 
should be made at intervals of 4 weeks or more. Doses should be individual- 
ized ee to the patient's response (see Tables | to IV under CLINICAL 
PHARMACOLOGY, Clinical Studies in the full Prescribing Information for dose- 
response results). 

n patients taking immunosuppressive drugs concomitantly with lovastatin 
(ges WARNINGS, Skeletal Muscle), therapy should begin with 10 mg of 

EVACOR and should not exceed 20 mg/day. 

Cholesterol levels should be monitored panna and consideration 
should be given to reducing the dosage of MEVACOR if cholesterol levels fall 
below the targeted range. - 


Dosage in Patients with Renal Insufficiency: In patients with severe renal insuf- 
ficiency (creatinine clearance «30 mL/min). dosage increases above 20 mg/day 
should be carefully considered and, if deemed necessary, implemented cau- 
tiously (see CLINICAL PHARMACOLOGY in the full Prescribing Information and 
WARNINGS, Skeletal Muscle). 


For more detailed information, consult your MSD Representative or see the 
Prescribing Information. 
Merck Sharp & Dohme, Division of Merck & Co., Inc., West Point, PA 19486. 


"Registered trademark of MERCK & CO., Inc. J1MC56(519) 
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Getting there shouldn't be the hardest part of your diagnosis. Or your demo. And that's where 
Toshiba sets the track record straight. It's the one truly portable high performance ultrasound 
system. Its compact size tracks on 4 swivel wheels, cornering gracefully through obstacle courses 
and crowded hallways. Delivering versatility and superior diagnostic imaging capabilities where 
it really counts — right at the patient's bedside. So go ahead and take the technology that made 


us tops in laptops for a test drive. You'll find Toshiba is tops, toe-to-toe, with its bedside manners. 
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Our goal has always been to provide the best in Echocardiography. Our fourth generation 


SSH-140A, with its enhanced and increased vascular imaging abilities, proves this commitment. 
The Biplane TEE transducer family further confirms this pledge. Not to mention our 100% Uptime 
Guarantee, comprehensive practice-building TIPS and Educational Programs, plus Dedicated 
Service. We are delivering that promise with the advanced capabilities and superior image quality 


your special needs demand. Today and well into tomorrow. Give us a call. And give us a demo. 
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felodipine rapidly reduced total peripheral resistance and BP, associated 
with significant increases in heart rate, cardiac output and plasma norepi- 
nephrine. Even after 1 year of therapy, BP after dosing rapidly decreased 
associated with a 50 to 100% increase in plasma norepinephrine, and small 
increases in heart rate and cardiac output. Despite the marked decrease in 
systolic BP, LV wall thickness and LV mass decreased only slightly. It is 
concluded that during chronic treatment with the twice-daily tablet for- 
mulation of felodipine, major daily fluctuations in BP persist associated 
with persisting sympathetic hyperactivity, which may play a role in the 
minimal regression of LV hypertrophy. 


CONGESTIVE HEART FAILURE 


646 

Dissociation of Sympathetic Responses to Baroreceptor 
Loading and Unloading in Compensated Congestive Heart 
Failure Secondary to Ischemic or Nonischemic Dilated 
Cardiomyopathy 

Steven R. Goldsmith and Gregory J. Hasking 


Abnormalities in baroreflex suppression of sympathetic activity could 
contribute to high circulating norepinephrine (NE) levels in congestive 
heart failure (CHF). In 8 patients with treated CHF, NE spillover to 
plasma increased normally during head-up tilt, but failed to decline during 
head-down tilt. Inadequate baroreflex suppression of sympathetic activity 
in CHF may therefore persist despite normalized responses to baroreflex 
unloading, and contribute to chronically high NE levels in this disease. 


SN uo our eS oe a LN LAM T REM. Res Tu Se 
Value of Dipyridamole Thallium-201 Imaging in Noninvasive 
Differentiation of Idiopathic Dilated Cardiomyopathy from 
Coronary Artery Disease with Left Ventricular Dysfunction 
Taishiro Chikamori, Yoshinori L. Doi, Yoshihiro Yonezawa, Mitsutoshi 
Yamada, Hiromi Seo, and Toshio Ozawa 


To elucidate whether idiopathic dilated cardiomyopathy (IDC) could be 
differentiated noninvasively from coronary artery disease ( CAD) with left 
ventricular dysfunction, 55 patients with IDC, and 77 with CAD under- 
went dipyridamole thallium-201 imaging. Patients with IDC had lower 
incidences of ischemic chest pain, electrocardiographic evidence of myo- 
cardial infarction, and reversible defects. The lowest percent thallium 
uptake in the initial imaging was less in patients with CAD. Stepwise 
discriminant analysis revealed higher predictability in the correct identifi- 
cation of IDC and CAD with than without thallium-201 imaging data. 
The present study suggests that the addition of thallium-201 imaging data 
to known clinical and electrocardiographic variables can help differentiate 
in patients with cardiac dysfunction between IDC and CAD with a high 
degree of certainty. 


Continued on page A41 
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"In hypertension, CAPOTEN may be used as initial therapy (25 mg bid or tid) for patients with normal renal function, 
in whom the risk of neutropenia/agranulocytosis is relatively low. In patients with impaired renal function, particu- 
larly those with collagen vascular disease, captopril should be reserved for hypertensives who have either developed 
unacceptable side effects on other drugs, or have failed to respond satisfactorily to drug combinations. 


‘In heart failure, CAPOTEN should generally be added to diuretics and digitalis except when digitalis use is poorly 
tolerated or otherwise not feasible; add CAPOTEN when patients have not responded adequately. 

CAPOTEN is contraindicated in patients who are hypersensitive to this product. Angioedema has been reported in 
patients receiving ACE inhibitors. 

Please see INDICATIONS AND USAGE, CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS in 
the brief summary on the adjacent page. 
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Captopril Tablets 

CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this product 

or any other angiotensin-converting enzyme inhibitor (e.g., a patient who has experienced angioedema dur- 
any other ACE inhibitor.) 


ing therapy 
WARNINGS: Ang ioedema i the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been seen in patients tr with ACE inhibitors, including captopril. If angioedema 


involves the tongue, glottis or larynx, airway obstruction may occur and be fatal. Emergency therapy, in- 
cluding but not necessarily limited to, subcutaneous administration of a 1:1000 solution of epinephrine should 
be promptly instituted. 


Neutropenia/Agranulocytosis-Neutropenia (<1000/mm°) with myeloid hypoplasia has resulted from use of 

captopril. About half of the neutropenic patients developed systemic or oral cavity infections or other features of 

the syndrome of agranulocytosis. The risk of neutropenia is dependent on the clinical status of the patient: 
In clinical trials in patients with hypertension who have normal renal function (serum creatinine less than 
1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in one patient out of over 8,600 
exposed. In patients with some degree of renal failure (serum creatinine at least 1.6 mg/dL) but no colla- 
gen vascular disease, the risk in clinical trials was about 1 per 500. Doses were relatively high in these 
patients, particularly in view of their diminished renal function. In patients with collagen vascular diseases 
(e.g., mic lupus erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 
3.796 of patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart fai- 
ure devel neutropenia, it has occurred during the subsequent clinical experience. Of reported cases, 
about half had serum creatinine > 1.6 mg/dL and more than 75% received procainamide. In heart failure, 
it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with myeloid hypopla- 
sia and frequently accompanied by erythroid hypoplasia and decreased numbers of megakaryocytes (e.g., 
hypoplastic bone marrow and pancytopenia); anemia and thrombocytopenia were sometimes seen. 
Neutrophils generally returned to normal in about 2 weeks after captopril was discontinued, and serious in- 
fections were limited to clinically complex patients. About 13% of the cases of neutropenia have ended fa 
tally, but almost all fatalities were in patients with serious illness, having collagen vascular disease, renal 
failure, heart failure or immunosuppressant , or a combination of these complicating factors. Evaluation 
of the hypertensive or heart failure nt should always include assessment of renal function. If cap- 
topril is used in patients with impaired renal function, white blood cell and differential counts should be eva 
uated prior to starting treatment and at approximately 2-week intervals for about 3 months, then Adeste 
In sanas with collagen vascular disease or who are exposed to other drugs known to affect the white cel 
or immune response, particularly when there is impaired renal function, captopril should be used only after 
an assessment of benefit and risk, and then with caution. All patients treated with captopril should be told 
to report any po of infection (e.g., sore throat, fever). If infection is suspected, perform white cell counts 
without delay. Since discontinuation of captopril and other drugs has generally led to prompt return of the 
white count to normal, upon confirmation of neutropenia (neutrophil count « 1000/mmr) withdraw captopril 
and closely follow the patient's course. 


Proteinuria: Total urinary proteins » 1 g per day were seen in about 0.796 of patients on captopril. About 9096 
of affected patients had evidence of prior renal disease or received high doses (» 150 mg/day), or both. The 
nephrotic syndrome occurred in about one-fifth of proteinuric patients. In most cases, proteinuria subsided or 
cleared within 6 months whether or not captopril was continued. The BUN and creatinine were seldom altered 
in proteinuric patients. Since most cases of proteinuria occurred by the 8th month of therapy with captopril, 
patients with prior renal disease or those on Md capp at doses » 150 mg per day, should have urinary 
protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


: Excessive hypotension was rarely seen in hypertensive patients but is a possible consequence 

topril use in salt/volume depleted persons (such as those treated vigorously with diuretics), patients 

with heart failure or those patients undergoing renal dialysis. (See PRECAUTIONS [Drug Interactions].) In 

heart failure, where the blood pressure was either normal or low, transient decreases in mean blood pres- 

sure >20% were recorded in about half of the patients. This transient hypotension is more likely to occur 

after any of the first several doses and is usually well tolerated, although rarely it has been associated with 

arrhythmia or conduction defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive ef- 

fect. Patients should be followed closely for the first 2 weeks of treatment and whenever the dose of capto- 

pril and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 

SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


Fetal/Neonatal Morbidity and Mortality: ACE inhibitors, including CAPOTEN, can cause fetal and neona- 
tal eet and mortality when administered to pea women. 

Captopril crosses the human placenta. When ACE inhibitors have been used during the second and third 
trimesters of pregnancy, there have been reports of hypotension, renal failure, skull hypoplasia, and/or death 
in the newborn. Oligohydramnios has also been reported, presumably representing decreased renal func- 
tion in the fetus; limb contractures, craniofacia! deformities, hypoplastic lung development, and intrauter- 
ine growth retardation have been reported in association with oligohydramnios. Patients who do require 
ACE inhibitors during the second and third trimester of pregnancy should be apprised of the potential haz- 
ards to the fetus, and frequent ultrasound examinations should be performed to look for oligohydramnios. 
A sp a is observed, CAPOTEN should be discontinued unless it is considered life-saving to 

e mother. 

Other potential risks to the fetus/neonate exposed to ACE inhibitors include: prematurity, patent ductus 
arteriosus; fetal death has also been reported. It is not clear, however, whether these reported events are 
related to ACE inhibition or the ein maternal disease. It is not known whether exposure limited to 
the first trimester can adversely affect fetal outcome. 

| in utero to ACE inhibitors should be closely observed fr oun, oliguria, and hyper- 
kalemia. If oliguria occurs, attention should be directed toward support of pressure and renal perfusion. 

While captopril may be removed from the adult circulation by hemodialysis, there is inadequate data con- 
cerning the effectiveness of hemodialysis for Lente Au from the circulation of neonates or children. 
Peritoneal dialysis is not effective for removing captopril; there is no information concerning exchange trans- 
fusion for removing captopril from the general circulation. 

Captopril was embryocidal in rabbits when given in doses about 2 to 70 times (on a mg/kg basis) the maxi- 
mum recommended human dose, and low incidences of craniofacial malformations were seen. These effects 
cias di d Ran probably due to the particularly marked decrease in blood pressure caused by the drug in 
Captopril given to pregnant rats at 400 times the recommended human dose continuously during ges- 
tation and lactation caused a reduction in neonatal survival. 

Not ic effects (malformations) have been observed after large doses of captopril in hamsters and rats. 

If CAPOTEN is used a Pregnancy or if the patient becomes pregnant while taking CAPOTEN, the 
patient should be apprised of the potential hazard to the fetus. 


PRECAUTIONS: General: Impaired Renal Function-Hypertension-Some hypertensive patients with renal dis- 
ease, particularly those with severe renal artery stenosis, have developed increases in BUN and serum creati- 
nine. It may be necessary to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 
normalization of blood pressure and maintenance of uate renal perfusion may not be possible. Heart 
Failure-About 20% of patients develop stable elevations of BUN and serum creatinine >20% above normal or 
baseline upon long-term treatment. Less than 5% of patients, generally with severe wem. renal disease, 
m" discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMINISTRATION, AD- 
VERSE REACTIONS [Altered Laboratory Findings]. Hyperkalemia: Elevations in serum potassium have been 
observed in some patients treated with ACE inhibitors, including captopril. When treated with ACE inhibitors, 
patients at risk for the development of hyperkalemia include those with: renal insufficiency; diabetes mellitus; 
and those using concomitant potassium-sparing diuretics, potassium supplements or potassium-containing 
salt substitutes; or other drugs associated with increases in serum potassium. (See PRECAUTIONS: Drug 
Interactions; ADVERSE REACTIONS: Altered Laboratory Findings.) Valvular Stenosis-A theoretical concern, for 
risk of decreased coronary perfusion, has been noted r ing vasodilator treatment in patients with aortic 


stenosis due to decreased afterload reduction. Surgery/: ia-If hypotension occurs during surgery or 
anesthesia, and is considered due to the effects of captopril, it is correctable by volume expansion. 
Drug Interactions: ion-Patients on Diuretic ecipitous reduction of blood pressure may 


Hypotens 
occasionally occur within the 1st hour after administration of the initial a dose in patients on diuretics, 
recently placed on diuretics, and those on severe dietary salt restriction or dialysis. This pos- 
sibility can be minimized by either discontinuing the diuretic or increasing the salt intake about 1 week prior 
to initiation of captopril therapy or by initi erapy with small doses (6.25 or 12.5 mg). Alternatively, pro- 
vide medical supervision for at least 1 hour after the initial dose. 


© 1992 E.R. Squibb & Sons, Inc., Princeton, NJ 
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Agents 
Agents 


renin release. 
porting pressure in patients receiving captopril alone or with diuretics. Beta-adrenergic blocking drugs 


for documented hypokalemia, and then with caution, since they may lead to a significant increase of serum 
potassium. Use potassium-containing salt substitutes with caution. 
Inhibitors of E Prostaglandin Synthesis-Indomethacin and other nonsteroidal anti-inflammaton 
may reduce Mei rini iid effect of captopril, especially in low renin hypertension. 
Lithium-Increased serum lithium levels and symptoms of lithium toxicity have been reported in patient: 
receiving concomitant lithium and ACE inhibitor therapy. These drugs should be coadministered with cau 
tion and frequent monitoring of serum lithium levels is recommended. If a diuretic is also used, it may in 
crease the risk of lithium toxicity. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 to 135( 
mg/kg/day in mice and rats failed to show any evidence of carcinogenic potential. Studies in rats have 
revealed no impairment of fertility. 


Pregnancy: Category D: See WARNINGS, Fetal/Neonatal Morbidity and Mortality. 


Nursing Mothers: Concentrations of captopril in human milk are approximately one percent of those in ma 
ternal blood. Because of the potential for serious adverse reactions in nursing infants from captopril, a de 
cision should be made whether to discontinue nursing or to discontinue the drug, taking into account thi 
importance of CAPOTEN to the mother. (See PRECAUTIONS: Pediatric Use.) 


Pediatric Use: Safety and effectiveness in children have not been established. There is limited experience 
reported in the literature with the use of captopril in the pediatric population; dosage, on a weight basis 
was generally reported to be comparable to or less that that used in adults. 

Infants, especially newborns, may be more susceptible to the adverse hemodynamic effects of capto 
pril. Excessive, prolonged and unpredictable decreases in blood pressure and associated complications 
including oliguria and seizures, have been reported. 

CAPOTEN (captopril) should be used in children only if other measures for controlling blood pressure 
have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approximately 7000 patients 

Renal: About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, renal failure 
nephrotic syndrome, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic: Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, thrombocytopenia 
and pancytopenia have been reported. 

Dermatologic: Rash, (usually maculopapular, rarely urticarial), often with pruritus, and sometimes witt 
fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and dose), usually dur 
ing the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 patients. A reversible associatec 
pemphigoid-like lesion, and photosensitivity, have also been reported. Flushing or pallor in 2 to 5 of 100€ 
patients. 

Cardiovascular: Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug Interactions] for dis 
cussion of hypotension with captopril therapy. Tachycardia, chest pain, and palpitations each in about 1 o 
100 patients. Angina pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart failure eact 
in 2 to 3 of 1000 patients. 

Dysgeusia: Approximately 2 to 4 (depending on renal status and dose) of 100 patients developed a diminu 
tion or loss of taste perception; taste impairment is reversible and usually self-limited even with continuec 
drug use (2 to 3 months). 

Angioedema: Angioedema involving the extremities, face, lips, mucous membranes, tongue, glottis o 
larynx has been reported in approximately one in 1000 patients. Angioedema involving the upper airway: 
has caused fatal airway obstruction. (See WARNINGS.) 

Cough: Cough has been reported in 0.5-296 of patients treated with captopril in clinical trials. 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at increased fre 
quency compared to placebo or other treatments used in controlled trials: gastric irritation, abdominal pain 
nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizziness, headache 
malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alopecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below by body system. In thi: 
setting, an incidence or causal relationship cannot be accurately determined. 


General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident/insufficiency, rhythm disturbances, orthostatic 

hypotension, syncope. 

Dermatologic: Bullous pemphigus, erythema multiforme (including Stevens-Johnson syndrome), exfo 

liative dermatitis. 

Gastrointestinal: Pancreatitis, glossitis, dyspepsia. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Jaundice, hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses; Blurred vision. 

Urogenital: Impotence. 

As with other ACE inhibitors, a syndrome has been reported which may include: fever, myalgia, i 
interstitial nephritis, vasculitis, rash or other dermatologic manifestations, eosinophilia and an elevated E 

Fetal/Neonatal Morbidity and Mortality: In infants exposed in utero to ACE inhibitors the following adverse ex 
periences have been reported: fetal and neonatal death, renal failure, hypoplastic lung development, hypoten 
sion, hyperkalemia, skull hypoplasia, limb contractures, craniofacial deformities, intrauterine growth retardation 
prematurity and patent ductus arteriosus (see WARNINGS, Fetal/Neonatal Morbidity and Mortality). 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum potassium 
especially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume or salt de 
pleted patients or those with renovascular hypertension may occur. Rapid reduction of longstanding o 
markedly elevated blood pressure can result in decreases in the glomerular filtration rate and, in turn, leac 
to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum bilirubir 
have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an |.V. infusion o 
normal saline is the treatment of choice for restoration of blood pressure. 

While captopril may be removed from the adult circulation by hemodialysis, there is inadequate data con 
cerning the effectiveness of hemodialysis for removing it from the circulation of neonates or children 
Peritoneal dialysis is not effective for removing captopril; there is no information concerning exchange trans 
fusion for removing captopril from the general circulation. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before meals. In hyper 
tension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; see DOSAGE AND ADMINIS 
TRATION section of package insert for detailed information pera dosage in hypertension and in hear 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, ge adjustments are recom 
mended for patients with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of: 12.5 mg in bottles of 100 and 1000; 25 mg in bottles of 100 anc 
1000; 50 mg in bottles of 100 and 1000; 100 mg in bottles of 100; and in UNIMATIC* unit-dose packs o 
100 tablets. (J3-658W 
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VALVULAR HEART DISEASE 


6954 7-0 OPEL aoe Ne wre E aer TL Er e LR MS 
Enhanced Flow Velocity Increase Through the Left Ventricular 
Inflow Tract of Patients with Isolated Aortic Regurgitation 
Toshiyuki Oniki, Yuji Hashimoto, Shigeo Shimizu, Masayoshi lwakami, 
Toru Kato, Wulin Aerbajinai, Yukio Kishi, Michiyoshi Yajima, and 

Fujio Numano 


To investigate the effects of aortic regurgitation (AR) on transmitral flow 
velocities, 25 patients with chronic isolated AR and 12 control subjects 
were studied using Doppler echocardiography. Peak early filling velocities 
at the levels of the mitral valve tips (E;) and annulus (E2) were measured, 
and the transmitral flow restriction index (AE = (E; — E2)/E2) was 
calculated. AE showed significant correlation with severity of AR, which 
was determined as the cross-sectional area ratio of the regurgitant jet to 
the left ventricular outflow tract. Because AE reflects the increased driv- 
ing force necessary to maintain flow in the early filling period given the 
competitive flow restriction due to AR, it is a valuable, new hemodynamic 
index for evaluating AR. 


CARDIOMYOPATHY 
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Search for Coxsackievirus B3 RNA in Idiopathic Dilated 
Cardiomyopathy Using Gene Amplification by Polymerase 
Chain Reaction 

Maurizia Grasso, Eloisa Arbustini, Enrico Silini, Marta Diegoli, Elena 
Percivalle, Giulio Ratti, Manuela Bramerio, Antonello Gavazzi, Mario 
Vigano, and Gabriele Milanesi 


A polymerase chain reaction amplification assay was developed to detect 
Coxsackievirus B3 ribonucleic acid (RNA) in myocardial and blood sam- 
ples from 21 patients with idiopathic dilated cardiomyopathy and from 19 
with coronary artery disease who underwent cardiac transplantation, and 
in 1 normal donor heart. We used 4 pairs of primers homologous to 
Coxsackievirus B3 sequences. Three pairs were located in regions of the 
genome that are conserved at nucleotide level between enterovirus species 
(replicase gene and 5S’ noncoding region) and 1 was located in a Coxsackie- 
virus B3 specific region (VP1 gene). Controls consisted of Coxsackievirus 
B3 in vitro-infected Vero cells as well as cells infected by related human 
enteroviruses (Coxsackievirus B2, B4 and poliovirus 1). All 4 pairs of 
primers yielded specific amplification products when tested on Coxsackie- 
virus B3-infected Vero cells. Primer sets for highly conserved regions gave 
positive amplifications also when challenged with RNA from cells infect- 
ed by Coxsackievirus B2, B4 and poliovirus 1. All myocardial and blood 
samples tested by polymerase chain reaction did not show any amplifica- 
tion product specific for RNA sequences of either Coxsackievirus B3 or 
related viruses after gel electrophoresis and Southern blot hybridization 
with specific oligoprobes. Accordingly, it is concluded that the supposed 
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pathogenic role of Coxsackievirus B3 in idiopathic dilated cardiomyopa- 
thy does not consist in persistence of detectable viral sequences in affected 
myocardium. 


CONGENITAL HEART DISEASE 


osos EN UBI Bs N OR BEP ERN E VEL EA EEA E La 
Determinants of Hemodynamic Results of Balloon Dilation of 
Aortic Recoarctation 

Rui Anjos, Shakeel A. Qureshi, Eric Rosenthal, lan Murdoch, Alison Hayes, 
Jonathan Parsons, Edward J. Baker, and Michael Tynan 


Balloon dilation of aortic recoarctation was attempted in 27 patients (age 
range 2.6 months to 18.3 years, median 8 months), but was unsuccessful in 
1. Systolic gradient decreased from 49 + 17 to 20 + 17 mm Hg (p 
<0.001), with a reduction of gradient to <20 mm Hg in 17 patients 
(65%). During mean follow-up of 2 months to 6.7 years, 5 of 17 patients 
with a good initial result restenosed (2 underwent successful redilation, 
and 2 had a second operation). Of 9 patients with gradients >20 mm Hg, 1 
underwent successful redilation, and 3 had reoperation. Two patients 
developed aneurysms after balloon dilation (1 immediately, and the other 
at 2-month follow-up examination). In all, 15 patients (58%) had a good 
and 11 (42%) a poor late hemodynamic result. Aortic arch hypoplasia and 
balloon-to-aortic diameter ratios at the level of the diaphragm had a 
significant influence on the late results. 
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Estimation of Right Ventricular Pressure in Children by 
Thallium-201 Myocardial Imaging Using Single-Photon 
Emission Computed Tomography 

Tomoharu Akiba, Masaru Yoshikawa, Shinsuke Otaki, Mitsuru Nakasato, 
Hiroshi Suzuki, Satoshi Sato, and Tetsuo Sato 


Thallium-201 single-photon emission computed tomographic myocardial 
imaging was performed to estimate right ventricular (RV) pressure in 34 
children. On a short-axis slice, a line drawn perpendicular to the ventricu- 
lar septum so as to cross the RV free wall showing maximum uptake was 
defined as the region of interest, and thallium-201 counts in regions of 
interest over RV and left ventricular (LV ) free walls were measured. Both 
RV peak systolic pressure and the ratio of RV to LV peak systolic pressure 
measured at cardiac catheterization correlated well with the ratio of RV to 
LV peak thallium-201 counts (r = 0.95 and 0.96, respectively). The ratio 
of RV to LV peak thallium-201 counts 20.45 could predict RV pressure 
overloading with a sensitivity of 92%, and a specificity of 88%. Thus, 
thallium-201 single-photon emission computed tomographic myocardial 
imaging permits the accurate estimation of RV systolic pressure in chil- 
dren. 
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Effect of Detraining on the Cardiopulmonary Reflex in 
Professional Runners and Hammer Throwers 

Cristina Giannattasio, Gino Seravalle, Bianca M. Cattaneo, Cesare 
Cuspidi, Lorena Sampieri, Gianni B. Bolla, Guido Grassi, and 
Giuseppe Mancia 


In professional athletes with cardiac hypertrophy, cardiopulmonary re- 
flexes are impaired. To determine the effects of termination of physical 
training and regression of cardiac hypertrophy, 8 former athletes (mean 
age 31 + 6 years) were compared with 15 age-matched sedentary subjects 
and 19 active athletes. Cardiopulmonary reflexes were studied by means 
of leg raising and lower body negative pressure. Left ventricular mass 
index (echocardiography) was significantly greater in active than in for- 
mer athletes and in sedentary subjects. Reflex changes induced by leg 
raising and lower body negative pressure were less in active than in former 
athletes, whose responses were similar to those of sedentary subjects. 
Hemodynamic responses to cold pressor test were similar in the 3 groups. 
Thus, the impairment of cardiopulmonary reflex in athletes is reversible 
when physical training is terminated. This may be due to regression of left 
ventricular hypertrophy. 


EDITORIALS 
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Meta-Analysis in Clinical Trials Reporting: Has a Tool Become 
a Weapon? 

William E. Boden 


687 
Current Status of Stents 
Eduardo Escorcia and Jay Hollman 


ou eS dU ME MS a e et gerd) ea a WE ee ol LR 
Inappropriate Terminology in Publications Concerning Aortic 
Balloon Valvuloplasty 

Francis Robicsek 


BRIEF REPORTS 
ae b TALI TRA RENE eid RA d P ASINI, d EET 
Coronary Flow Reserve in Children with Kawasaki Disease 


Without Angiographic Evidence of Coronary Stenosis 
Kenji Hamaoka, Zenshiro Onouchi, and Yutaka Ohmochi 
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BRIEF SUMMARY 


CARDIZEM* 
(diltiazem hydrochloride) 
Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and pulmonary 
congestion documented by x-ray on admission. 


gp 

. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or second- or third- 
degree AV block (six of 1,243 patients for 0.48%). Concomi- 
tant use of diltiazem with beta-blockers or digitalis may result 
in additive effects on cardiac conduction. A patient with 
Prinzmetal's angina developed periods of asystole (2 to 5 
seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemo- 
dynamic studies in humans with normal ventricular function 
have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt). Experience with the 
use of CARDIZEM alone or in combination with beta-blockers 
in patients with impaired ventricular functicn is very limited. 
Caution should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances, significant elevations 
in enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, 
and other phenomena consistent with acute hepatic injury 
have been noted. These reactions have been reversible upon 
discontinuation of drug therapy. The relationsnip to CARDIZEM 
is uncertain in most cases, but probable in some. (See 
PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. 
As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were asso- 
ciated with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 mg/kg were 
also associated with hepatic changes; however, these changes 
were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the drug 
should be discontinued. 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 


CAZXC566 


Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes 
biotransformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow the 
same route of biotransformation may result in the competitive 
inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when 
starting or stopping concomitantly administered CARDIZEM to 
maintain optimum therapeutic blood levels. 


Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not suffi- 
cient, however, to predict the effects of concomitant treatment, 
particularly in patients with left ventricular dysfunction or cardiac 
conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) con- 
comitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, 
an adjustment in the propranolol dose may be warranted. (See 
WARNINGS.) 


Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (5896) and 
area-under-the curve (53%) after a 1-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in pharma- 
cological effect when initiating and discontinuing therapy with 
cimetidine. An adjustment in the diltiazem dose may be warranted. 


Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, itis recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (See WARNINGS. ) 


Anesthetics: The depression of cardiac contractility, conduc- 
tivity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers. 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than the 
daily recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths 
at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Nursing Mothers. Diltiazem is excreted in human milk. One 


report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out 
to date, but it should be recognized that patients with impaired 
ventricular function and cardiac conduction abnormalities have 
usually been excluded. 

In domestic placebo-controlled angina trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
of angina patients. In many cases, the relationship to CARDIZEM 
has not been established. The most common occurrences from 
these studies, as well as their frequency of presentation, are: 
edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%): 


Cardiovascular: Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see con- 
duction warning), bradycardia, bundle 
branch block, congestive heart failure, ECG 
abnormality, flushing, hypotension, palpita- 
tions, syncope, tachycardia, ventricular 
extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait 
abnormality, hallucinations, insomnia, ner- 
vousness, paresthesia, personality change, 
somnolence, tremor. 


Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), thirst, vomiting, weight increase. 

Dermatological: Petechiae, photosensitivity, pruritus, 
urticaria. 

Other: Amblyopia, CPK elevation, dry mouth, 
dyspnea, epistaxis, eye irritation, hyper- 
glycemia, hyperuricemia, impotence, 
muscle cramps, nasal congestion, nocturia, 
osteoarticular pain, polyuria, sexual difficul- 
ties, tinnitus. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, erythema 
multiforme, extrapyramidal symptoms, gingival hyperplasia, 
hemolytic anemia, increased bleeding time, leukopenia, purpura, 
retinopathy, and thrombocytopenia. There have been observed 
cases of a generalized rash, characterized as leukocytoclastic vas- 
culitis. In addition, events such as myocardial infarction have been 
observed which are not readily distinguishable from the natural 
history of the disease in these patients. A definitive cause and effect 
relationship between these events and CARDIZEM therapy can- 
not yet be established. Exfoliative dermatitis (proven by 
rechallenge) has also been reported. 
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Adult Coronary Artery Disease Secondary to Kawasaki 
Disease in Childhood 

Sugao Ishiwata, Katsuo Fuse, Shinichiro Nishiyama, Shigemoto 
Nakanishi, Yasunori Watanabe, and Akira Seki 
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Left Ventricular Function in Patients with Atrial Fibrillation 
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Results of Urgent or Emergency Repair for Symptomatic 
Infants Under One Year of Age with Single or Multiple 
Ventricular Septal Defects 

Delores Danilowicz, Salvatore Presti, Stephen Colvin, Aubrey Galloway, 
Alan Langsner, and Eugenie F. Doyle 
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Effects of Acute and Chronic Alcohol Consumption on 
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And a safer way to 
great cardiac imaging. 








naV? 


Great cardiac visualization with 
the safety of lower iodine... 


A recent clinical study showed that OPTIRAY^ 320 (ioversol injection 68%) 
provides equivalent image density when compared with contrast agents of 


higher iodine concentration.’ 


So OPTIRAY 320 provides a means 


for reducing the amount of iodine 
administered with no reduction in 
overall image quality. And a lower 
iodine dose may reduce the 
likelihood of renal dysfunction? 


lower viscosity... 


Viscosity (CPS at 37°C) 


Isovue*-3701 OPTIRAY* 320 


Omnipaque* 350* 


The low viscosity and greater flow 
rate of OPTIRAY® 320 mean easier 


hand injections and images 


equivalent to contrast agents with 


a higher iodine concentration.’ 


Mean arterial density* 


Omnipaque* 350* Isovue*-370 ie] 2 01: 1: V 320 
(350 mgl/mL) 37 O mgl/mL (320 mgli/mL) 





and lower osmolality. 


Osmolality (mOsm/kg H,0) 


Omnipaque* 350* Isovue *-3701 OPTIRAY: 320 





A lower osmolality can reduce 
changes in cardiac output, ECG, 
myocardial contractility, and 
pulmonary artery pressure.” 


Sometimes all you need is a little less, to get more. 


All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less than ionic contrast media. Clotting has 
been reported when blood remains in contact with syringes containing nonionic contrast media. Therefore, meticulous intravascular 
administration technique is necessary to minimize thromboembolic events. 


References: 


1. Kern MJ, Roth RA, Aguirre FV, Beauman G, Vogel R. Effect of viscosity and iodine concentration of nonionic radiographic contrast media on coronary arteriography in patien 


Am Heart J. 1992; 123:160-165. 


2. Gomes AS, Baker JD, Martin-Paredero V, et al. Acute renal dysfunction after major arteriography. AJR. 1985; 145:1249-1253. 
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*Omnipaque* (iohexol) — Winthrop Pharmaceuticals 
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OPTIRAY® 160 240 320 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
34%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 

raphic procedures, to minimize thromboembolic events. Numerous 
actors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

aution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

Intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 


essential, but caution should be exercised. Premedication with antihis- 


tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identity untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase the dura- 
tion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 





disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accurately 
reflect thyroid function for up to 16 days following administration of iodi- 
nated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others in a 
system regardless of frequency. 


Adverse Reactions 
System 196 * 196 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 
vascular trauma 


nausea 
vomiting 

cerebral infarct 
headache 

blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 

visual hallucination 


laryngeal edema 
nasal congestion 
sneezing 
coughing 
hypoxia 
periorbital edema 
urticaria 

facial edema 
flush 

pruritus 


extravasation 
shaking chills 
bad taste 
general pain 


Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory none 


Skin none 


Miscellaneous none 


; 
Pe 


i. AL 
occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration o! 
conventional iodinated contrast agents range from 6.6 per 1 millior 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patient: 
with a history of allergy is twice that of the general population. Patients witt 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode ol 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
ys Ven losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral we 7g deli that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. in 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
Ape: and urea nitrogen. Rapid and complete return of function usually 

ollows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection or 
a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


OVERDOSAGE: The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 

loversol does not bind to plasma or serum protein and is therefore, 
dialyzable. 

The intravenous LD;, values (gl/kg) for ióversol in animals were: 
17 (mice), and 15 (rats): 


DOSAGE AND ADMINISTRATION: Details on dosa 
de MEE in the package insert. CONSULT FULL PACKAGE INSERT 
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Critical Care 
Cardiology Scholars 
Recognized 


In keeping with the commitment to continuing education in the medical profession, 
Critical Care Cardiology Case Presentation Symposia were sponsored by Eli Lilly and 
Company in San Francisco and Atlanta during 1991. The moderator for the symposia 
was Dr John M. Passmore, Jr, Clinical Assistant Professor of Medicine, University of 


Texas Health Science Center, Houston. 


A highlight of both meetings was the presentation of clinical experiences, chosen for 
their professional interest and teaching value, by symposia participants. As judged by 
a faculty panel, the following cardiology fellows are being honored for outstanding 
case presentations from their respective institutions. 


SAN FRANCISCO 


Acute Pulmonary Edema With Prosthetic Mitral 
Valve 

David E. Tolman, MD 

Cardiology Fellow 

Medical College of Virginia 

Richmond, Virginia 
Acute Pericarditis, Endocarditis, and Mitral 
Regurgitation 

Robert A. Saporito, Jr, MD 

Cardiology Fellow 

UMDNJ-New Jersey Medical School 

Newark, New Jersey 


Refractory Dilated Cardiomyopathy in Pure 
Red-Cell Aplasia 
Merrill A. Krolick, MD 
Cardiology Fellow 
University of Southern Florida, College of Medicine 
Tampa, Florida 


ATLANTA 


Non-Thrombotic Acute Myocardial Infarction 
David C. Burkey, MD 
Cardiology Fellow 
Maine Medical Center 
Portland, Maine 


Hemodynamic Instability in a Patient With Mitral 
Valve Prosthesis 
David H. Drenning, MD 
Cardiology Fellow 
Medical College of Virginia 
Richmond, Virginia 
An Unusual Presentation of Intracardiac Shunt 
Jason Hall, MD 
Cardiology Fellow 
Cleveland Clinic Foundation 
Cleveland, Ohio 


Eli Lilly and Company wishes to extend sincere appreciation to Dr Passmore and all participants 
who helped make the program a success. 


Eli Lilly and Company 
Indianapolis, Indiana 
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Please see brief summary of prescribing information below. 


LOZOL® (indapamide) 2.5 mg tablets 

BRIEF SUMMARY 

INDICATIONS AND USAGE: LOZOL {indapamide) is indicated for the treatment of 
hypertension, alone or in combination with other antihypertensive "dur 
treatment of salt and fluid retention associated with congestive heart fai 

Usage in Pregnancy: See PRECAUTIONS. 

ER A Anuria, hypersensitivity to indapamide or other sulfonamide- 


WARNINGS: infrequent cases of severe hyponatremia, accompanied by hypokalemia, 
have been reported with the use of recommended doses of indapamide primarily in 
elderly females. Symptoms were reversed by electrolyte replenishment (see 
PRECAUTIONS). Hypokalemia occurs commonly with diuretics (see ADVERSE 
REACTIONS, hypokalemia), Em ANNA Pe In general, diuretics 
should not be given with 
PRECAUTIONS: Perform serum electrolyte determinations atappropriate intervals, 
especially in patients who are vomiting excessively or receiving parenteral fluids, in 
— —G—À or in patients on a salt-restricted diet. In 
M ME NON r on tuo, 
Such as 


hypokalemia. Hypokalemia can sensitize or exaggerate the response of the heart to the 
toxic effects of digitalis, such as increased ventricular irritability. 
Dilutional hyponatremia may occur in edematous e treatment is 


patients; appropriat 
usually water restriction. In actual salt depletion, appropriate replacement is the 
treatment of choice. Chloride deficit is usually mild, not requiring specific treatment 
except in extraordinary circumstances (liver, renal disease). 
ory ede A i pe deg. et er nd pire sa a 
receiving indapamide. Serum concentrations of uric acid should be monitored 
periodically. 


Use with caution in patients with severe renal disease; consider withholding or 
der n aei i Renal function tests should 
performed periodically. 








Lozol, the fastest growing diuretic brand,! is 
compatible with other antihypertensive agents. That's 
why when Kindhearted Lozol is prescribed, it's for 
combination therapy two out of three times.? For your 
patients who are uncontrolled on other antihypertensive 


agents, Lozol provides compatible antihypertensive 
therapy with enhanced efficacy. 


ONE A DAY 


INLIAFZAMILA 25mg 


Use with caution in patients with impaired hepatic function or progressive liver disease, 


since minor alterations of fluid and electrolyte balance may precipitate hepatic coma. 
Latent diabetes may become manifest and insulin cad dai in diabetic patients 
"A Serum concentrations of glucose should 


be monitored routinely during treatment with indapamide 
Calcium excretion is ero du rao ti ade 
dm oun saree aaa ple bee indapamide in long-term 
studies of pr asal alaalang 


DRUG WTERACTIONS: LOZOL may o pntat he cof 
antihypertensive drugs. The antihypertensive effect of the drug may be enhanced in 
the postsympathectomized patient. may decrease arterial responsiveness 
to norepinephrine, but this does not preclude the use of norepinephrine. 

In mouse and rat lifetime carcinogenicity studies, there were no significant differences 
in the incidence of tumors between the indapamide-treated animals and the control 
groups. 

Pregnancy Category B: Diuretics cross the placental barrier and appear in cord blood. 
Indapamide should be used during pregnancy only if clearly needed. Use may be 
associated with fetal or neonatal jaundice, thrombocytopenia, and possibly other 
adverse effects that have occurred in adults. It is not known whether this drug is 
excreted in human milk. If use of this drug is deemed essential, the patient should stop 
nursing. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient. From 
Phase ll placebo-controlled studies and long-term controlled clinical studies, adverse 
reactions with > 5% cumulative incidence: headache, dizziness, fatigue, weakness, 


pain or cramps, anorexia, orthostatic hypotension, premature ventricular contractions 
irregular heart beat, palpitations, frequency of urination, nocturia, polyuria, rash, hives, 


prenu, vonia ampolonen or Cei Said, reris, tain ayparoricomi 
hyperglycemia, hyponatremia, hypochloremia, increase in serum BUN or creatinine 
glycosuria, weight loss, d P mud nging of emis Cinca gne 
occurred in 3% and 7% patients given indapamide 2.5 mg and 5.0 mg, respecti 
B ong sub (57 ale potassium supplementation was given to 12 
of patients on indapamide 2.5 mg and 5.0 mg, respectively. Other 
tihypertensive/diurebics 


race roped vil = dv irae: cintas 
syndrome, necrotizing angiitis, respiratory distress ( pneumonitis), 
anaphylactic reactions, agranulocytosis, aplastic 


EE wer SAL UN pota angr vit 

Keep tightly closed. Store at versio amd a dr 
Dispense in in tight containers as defined in USP 

See product circular for full prescribing information. Revised: June 1990 


References: 1. IMS National Prescription Audit (NPA), August 1991. Compared with 
year-to-date August 1991 percentage growth in new prescriptions among the 10 leading 
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Recanalization of Occluded Acute Myocardial 
Infarction-Related Arteries Using 
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Recent evidence suggests that late reperfusion of 
an occluded infarct-related artery after acute myo- 
cardial infarction (AMI) may convey a better prog- 
nosis. The clinical outcome of percutaneous trans- 
luminal coronary angioplasty (PTCA) as a means 
of mechanical reperfusion in this particular setting 
has not been clearly delineated. Ninety-seven pa- 
tients with AMI underwent PTCA of the occluded 
infarct-related artery after the acute phase of the 
AMI (48 hours to 2 weeks, mean 8 + 4 days). The 
study consisted of 72 men (74%) (mean age 56.5 
+ 12 years) and 25 women. Seventy-seven pa- 
tients (79%) had a Q-wave AMI and 20 patients 
(21%) a non-Q-wave AMI. Seventy-six patients 
(79%) had angina after AMI and 4 had previously 
undergone coronary bypass surgery. Clinical suc- 
cess was achieved in 85 patients (8796). Angio- 
graphic success was obtained in 90 of the 97 oc- 
cluded arteries (9396) and was similar for all 3 
major vessels: right coronary 97%, left anterior 
descending 93% and circumflex 85% (p = not sig- 
nificant). Major complications (AMI, emergency 
bypass and death) occurred in 3 patients (3.1%). 
Long-term follow up (3.7 + 0.8 years) revealed 
symptomatic recurrence in 20 (23%), whereas 51 
(58%) remained asymptomatic. Most recurrences 
(16 of 20) were in the form of restenosis rather 
than reocclusion, with a high success rate for re- 
peat dilatation (93%). 

These results indicate that mechanical reperfu- 
sion of an occluded infarct artery, performing 
PTCA 48 hours to 2 weeks after AMI, has a high 
success rate, a low complication rate and low 
symptomatic restenosis. 

(Am J Cardiol 1992;69:575-578) 
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function of reestablishing coronary blood flow in 

the early hours after acute myocardial infarction 
(AMI) have now been clearly demonstrated, using ei- 
ther thrombolytic therapy! or percutaneous translu- 
minal coronary angioplasty (PTCA).^? 

However, recent evidence seems to suggest that even 
if patency of the infarct-related artery is achieved late, 
after the AMI has been completed, the long-term out- 
come of such patients after discharge from the hospital 
is still improved over those in whom patency was not 
achieved or sustained.9? This “open vessel theory" and 
its potential long-term benefits has been mostly studied 
in patients who received thrombolytic therapy. The re- 
sults of late mechanical reperfusion have not been clear- 
ly delineated. 

To assess the efficacy, safety and feasibility of 
PTCA in this setting, we report the retrospective results 
of PTCA performed on occluded infarct-related arteries 
early after AMI. 


T beneficial effects on mortality and ventricular 


METHODS 

Patient population: The records of patients who un- 
derwent PTCA after AMI at the Medical College of 
Virginia between January 1984 and December 1987 
were reviewed. Ninety-seven patients with recent AMI 
underwent PTCA of the occluded infarct-related artery 
48 hours to 15 days after the acute event and represent 
the study group. Patients who had PTCA of the infarct- 
related artery during the evolving AMI, within the first 
48 hours after the AMI or beyond 15 days were not 
included in the study. Hospital records of qualifying pa- 
tients were reviewed for the immediate results. Long- 
term follow-up data were obtained from office visits 
or telephone conversations. Anginal status (Canadian 
Cardiovascular Society functional classification), medi- 
cation requirements, exercise test results and specific 
events such as recurrent AMI, coronary bypass graft- 
ing, repeat PTCA or death were recorded. 

Definitions: Total occlusion was defined as complete 
absence of, or faint and delayed anterograde flow 
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TABLE I Clinical Characteristics (n = 97) 





















Age (years) 56 + 12 (31-85) 
Gender 

Men 72 (7496) 

Women 25 (26%) 
Hypertension 37 
Diabetes mellitus 13 
Hypercholesterolemia 26 
Ischemia after AMI 76 
Prior bypass surgery 4 
Ejection fraction 55 + 11% (24-79) 
AMI type 

Q-wave 77 (79%) 

Non-Q-wave 20 (21%) 
AMI location 

Anterior 44 

Inferior 33 

Lateral 20 
PTCA timing after 8 + 4 (2-15) 

AMI (days) 
Clinical success 35 (87%) 
1-vessel PTCA 44 (45%) 
Staged 3-vessel PTCA 53 (55%) 






AMI = acute myocardial infarction; PTCA = percutaneous transluminal coronary 
angioplasty. 






through the lesion (i.e., Thrombolysis In Myocardial In- 
farction trial grade 0 or 17). Angiographic success was 
defined as a residual stenosis of «5096 after PTCA in 2 
orthogonal views. Clinical success was defined as angio- 
graphic success with absence of clinical evidence of isch- 
emia until hospital discharge. Angiographic recurrence 
was defined as a diameter stenosis of >50% at follow-up 
angiography in 2 projections. Clinical recurrence was 
defined as the appearence of symptoms or objective evi- 
dence of ischemia after initial improvement, associated 
with angiographic demonstration of restenosis. Major 
complications included emergency bypass surgery, non- 
Q or Q-wave AMI and cardiac death. Acute reclosure 
consisted of angiographically confirmed reocclusion of 
the dilated vessel O to 48 hours after the procedure. 

procedure: PTCA was performed by 
way of the femoral approach in all patients using stan- 
dard equipment and technique. All patients received 
10,000 U of heparin before, followed by 2,000 to 3,000 
U every hour during the procedure. Patients were then 
maintained on a heparin infusion for 224 hours, titrat- 
ed to maintain the activated partial thromboplastin time 
at twice the control value. Therapy with aspirin (325 
mg/day) and calcium antagonists was begun before and 
continued after the procedure. Intracoronary thrombol- 
ysis was performed during PTCA when intraluminal 
thrombus or distal embolization occurred; this was gen- 
erally administered by manual infusion through the 
guiding catheter or distal part of the balloon catheter 
using 250,000 to 1,000,000 IU of urokinase or 100,000 
to 300,000 IU of streptokinase at a rate between 5,000 
and 20,000 IU /min. 

Indications for angioplasty: PTCA was generally 
performed for angina after AMI or when there was 
evidence of ischemia on predischarge exercise testing. 
In addition, in “high-risk” patients (ejection fraction 





«4096, congestive heart failure, non-Q-wave infarction, 
prior bypass surgery) who routinely undergo coronary 
angiography in our institution for better risk stratifica- 
tion, PTCA was performed if the totally occluded in- 
farct-related artery was considered suitable for this type 
of revascularization and if the amount of myocardium 
at risk was large and could, therefore, potentially regain 
some function. In addition, many patients in the “high- 
risk" group had multivessel disease. In these patients, 
PTCA of the occluded infarct artery was performed not 
only to dilate the occluded vessel first (and therefore 
reduce the overall procedural risk) but also to provide 
collateral supply to the other non-infarct vessels subse- 
quently dilated, in the event of their acute closure (i.e., 
PTCA of the occluded infarct artery was performed as 
the first step in a scheme of complete revascularization). 

Statistical analysis: Statistical analysis was per- 
formed using a chi-square test for discrete variables and 
a t test for continuous variables. Data are expressed as 
mean + standard deviation. A p value «0.05 was con- 
sidered statistically significant. 


RESULTS 

Patient characteristics: PTCA of the occluded in- 
farct-related artery was performed at a mean of 8 + 4 
days (range 2 to 15) after the acute event. The clinical 
characteristics of the 97 patients are listed in Table I. 
The mean age of the 72 men (74%) was 56 + 12 years 
(range 31 to 85). Hypertension defined as blood pres- 
sure 2150/90 mm Hg, and diabetes and hypercholes- 
terolemia defined as total cholesterol >200 mg/dl were 
present in 37 (38%), 13 (13.4%) and 26 (27%) of the 97 
patients, respectively. 

Seventy-six patients (79%) had signs or symptoms 
of ischemia after AMI. Four patients (4%) had previ- 
ously undergone bypass surgery. Left ventricular ejec- 
tion fraction (by contrast ventriculography) was 55 + 
11% (range 24 to 79%). Seventy-seven patients (79%) 
had sustained a Q-wave AMI and 20 patients (21%) a 
non-Q-wave AMI before the procedure. AMI was ante- 
rior in 44 patients, inferior in 33 and lateral/postero- 
lateral in 20. Ten patients (10%) had received intrave- 
nous thrombolytic therapy during the first 6 hours of 
AMI and 14 patients required intracoronary thromboly- 
sis (urokinase or streptokinase) during the procedure 
because of extensive intraluminal thrombus or distal 
embolization of a major vessel or branch, or both. 

Angiographic characteristics: Thirty patients had 1- 
vessel, 41 had 2-vessel and 26 had 3-vessel coronary ar- 
tery disease. PTCA of a total of 97 recently occluded 
arteries were attempted in the 97 patients: the right cor- 
onary artery in 33, the left anterior descending in 44 
and the circumflex or obtuse marginal artery, or both, 
in 20. In 44 patients (45%) only the infarct-related ar- 
tery was dilated, whereas in 53 patients (5596) a staged 
multivessel angioplasty was performed with the infarct- 
related vessel dilated first. 

Initial success: Angiographic success was achieved 
in 90 of the 97 occluded vessels (9396). Individual vessel 
success rates were similar: right coronary artery, 32 of 
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33 (97%); left anterior descending artery, 41 of 44 
(93%); and circumflex artery, 17 of 20 (85%). Clinical 
success was achieved in 85 of the 97 patients (87%); this 
apparent discrepancy was due to angiographic success 
in the dilatation of the occluded infarct artery but with 
unsuccessful subsequent PTCA of additional non-in- 
farct arteries. 

Complications: Acute reclosure was documented an- 
giographically in 10 patients (10.3%). All acute reclo- 
sures occurred before departure from the cardiac cathe- 
terization laboratory. Immediate repeat dilatation was 
successful in 8 and unsuccessful in 2 who required 
emergency bypass surgery. One of the 2 patients who 
underwent operation sustained a Q-wave AMI and one 
a non-Q-wave AMI. 

Among the 53 patients who had a second stage pro- 
cedure (of a non-infarct artery) during the same hospi- 
talization, acute reclosure during the second stage oc- 
curred in 2 patients (3.7%) and was successfully redi- 
lated in 1. The second patient (with unsuccessful redila- 
tation) sustained an AMI with cardiogenic shock and 
died during emergency bypass surgery. 

When all procedures are combined, major complica- 
tions (AMI, emergency bypass and cardiac death) oc- 
curred in a total of 3 patients (3.1%). 

Long-term follow up: Of the 90 patients with initial 
success, clinical follow-up was available in 88 patients 
(98%) (Table II). The mean duration of follow-up was 
3.7 + 0.8 years (range 3 to 5). Fifty-one of the 88 pa- 
tients (58%) remained asymptomatic and had no fur- 
ther interventions, with 37 of the 51 having a negative 
exercise treadmill test. 

Clinical recurrence occurred in 20 patients (23%) 
with angiographic demonstration of restenosis at the 
prior occlusion site; of these, 16 had restenosis (diame- 
ter stenosis of 51 to 99%) and 4 had complete reocclu- 
sion. Of the 16 patients with restenosis, 1 underwent 
elective bypass surgery and 15 repeat PTCA, with suc- 
cess in 14 (93%). The 1 patient with unsuccessful repeat 
PTCA required emergency bypass for acute closure and 
had no further complications. 

Of the 4 patients in whom recurrence was a com- 
plete occlusion, PTCA was attempted in 3, with success 
in 2; the third patient underwent elective bypass. One 
patient with 1-vessel reocclusion (right coronary artery) 
declined repeat PTCA and was treated medically with- 
out further sequelae. 

Eight patients with clinical evidence of ischemia dur- 
ing follow-up had no recurrence but had progression of 
disease in other vessels on follow-up angiography and 
underwent successful PTCA without complications. 

Nine patients died during the follow-up period: 3 pa- 
tients had a documented AMI (cardiac mortality 3.1%), 
3 died of a cerebrovascular accident, 1 died of lympho- 
ma and 2 of unknown cause. 


DISCUSSION 

In the last decade, several major trials have clearly 
demonstrated that recanalization of a totally occluded 
coronary artery in the first few hours of an evolving 
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TABLE II Follow-Up (n = 88) 














Duration (years) 3.7 + 0.8 (3-5) 

Asymptomatic 51 (58%) 

Angina > class Il Canadian 28 
Cardiovascular Society 

Angiographic recurrence 20 
Restenosis 16 
Reocclusion 4 

Repeat PTCA 18 
Successful 16 

Mortality 9 
AMI 3 (3.1%) 
Cerebrovascular accident 3 
Lymphoma 1 
Unknown 2 





Abbreviations as in Table II. 


AMI is associated with an improvement in early mor- 
tality and ventricular function.!-? Such an improvement 
is thought to be primarily due to a reduction in infarct 
size. 

More recent data now suggest that persistent pa- 
tency and late recanalization of the infarct-related ar- 
tery may also have a beneficial effect, with both short- 
and long-term improvements in survival and ventricular 
function.$? Dalen et al,* using follow-up data from the 
Thrombolysis in Myocardial Infarction Phase I trial, 
found that sustained infarct artery patency in 108 pa- 
tients treated with tissue-type plasminogen activator 
was associated with a low 6- and 12-month mortality. 
Ohman et al? performed coronary angiography 7 days 
after AMI in 733 patients with successful initial reper- 
fusion. Patients with persistent patency of the infarct- 
related artery had better global and infarct-zone func- 
tion and lower in-hospital mortality than patients in 
whom the infarct artery had reoccluded. Persistent oc- 
clusion of the infarct artery on predischarge angiogra- 
phy was also found by Jeremy et al!? to be an important 
predictor of subsequent left ventricular dilatation, re- 
gardless of infarct size. Recent correlation between oc- 
cluded arteries and the presence of late potentials on 
signal-average electrocardiography has also been de- 
scribed.!! Therefore, the importance of infarct artery re- 
perfusion seems to go beyond the traditional role of 
acute myocardial salvage, and may imply that reperfu- 
sion may still be beneficial even after the clinical "com- 
pletion" of infarction. This may be of particular benefit 
to the 10 to 2596 of patients discharged from the hospi- 
tal with a closed infarct artery despite thrombolytic 
therapy, and to the even larger number of patients who 
never received thrombolysis and did have spontaneous 
reperfusion. 

This *open-vessel theory" may provide an important 
role for PTCA beyond the acute phase of AMI. In addi- 
tion to the already-mentioned potential benefits on long- 
term mortality, ventricular remodeling and arrhythmo- 
genicity, reduction of the coronary stenosis by balloon 
dilatation will allow the infarct artery to act as an effi- 
cient source of collaterals should other areas of the 
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myocardium later become jeoparized in patients with 
multivessel disease.!?.!? 

To assess first the feasibility and results of PTCA in 
this setting, we performed this retrospective study in 
which PTCA of the occluded infarct-related artery was 
performed 48 hours to 2 weeks after the acute event 
(i.e. beyond the acute phase but before to hospital dis- 
charge). Most of our patients had sustained a Q-wave 
AMI, and the average timing of PTCA was 8 days after 
AMI. Our results indicate that such delayed mechani- 
cal reperfusion of the occluded infarct artery can be 
achieved with a high success rate, comparable to that of 
PTCA of more conventional coronary stenoses and 
higher than that of recanalization of more chronic oc- 
clusions.!?-!6 Neither the type or location of the dilated 
vessel nor the presence of single versus multivessel coro- 
nary disease was predictive of success. 

Acute reclosure occurred more often in this study 
than after PTCA of more conventional coronary steno- 
ses!” and is probably due to the higher prevalence of 
intracoronary thrombus, the increased vasoreactivity, 
and the increased platelet aggregation that follow AMI. 
However, most of these acute reclosures were success- 
fully recanalized in the catheterization laboratory with 
intracoronary thrombolysis or prolonged balloon infla- 
tions, or both, so that the overall incidence of major 
complications was not substantially increased. 

This study also indicated that, after dilatation of oc- 
cluded infarct arteries, symptomatic restenosis is low 
and occurs primarily in the form of recurrent angina 
rather than recurrent infarction. In addition, although 
the initial lesion is a total occlusion, recurrence usually 
takes the form of restenosis rather than reocclusion and 
has a very high success rate with repeat dilatation 
(93%). 

Study limitations: This study was retrospective rath- 
er than prospective and did not include a systematic 
comparison of angiographic left ventriculography before 
dilatation and during follow-up to assess the effects of 
infarct artery recanalization on ventricular size, global 
function and regional wall motion. These data are cur- 
rently under prospective evaluation. Furthermore, only 
patients with symptom recurrence were restudied angio- 
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graphically during follow-up, which prevented the accu- 
rate assessment of asymptomatic or silent restenosis. 
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rate is independent of the pharmaceutical formulation. Using the E model, the 
maximal beta.-blocking effect has been estimated to produce a 28.3% reduction in 
exercise heart rate. Beta4-blocking effects in the range of 30-80% of the maximal 
effect (corresponding to approximately 8-23% reduction in exercise heart rate) are 
expected to occur at metoprolol plasma concentrations ranging from 30-540 nmol/L. 
The concentration-effect curve begins reaching a plateau between 200-300 nmol/L, 
and higher plasma levels produce little additional beta,-blocking-effect. The relative 
beta,-selectivity of metoprolol diminishes and blockade of betao-adrenoceptors 
increases at higher plasma concentrations. 

Although beta-adrenergic receptor blockade is useful in the treatment of angina and 
hypertension, there are situations in which sympathetic stimulation is vital. In patients 
with severely damaged hearts, adequate ventricular function may-depend on sympa- 
thetic drive. In the presence of AV block, beta-blockade may prevent the necessary 
facilitating effect of sympathetic activity on conduction. Beta»-adrenergic blockade 
results in passive bronchial constriction by interfering with endagenous adrenergic 
bronchodilator activity in patients subject to bronchospasm and may also interfere with 
exogenous bronchodilators in such patients. 

Hypertension 

The mechanism of the antihypertensive effects of beta-blocking agents has not been 
elucidated. However, several possible mechanisms have been prcposed: (1) competi- 
tive antagonism of catecholamines at peripheral (especially cardiac) adrenergic neu- 
ron sites, leading to decreased cardiac output; (2) a central effect leading to reduced 
sympathetic outflow to the periphery; and (3) suppression of renin activity. 

In controlled clinical studies, an immediate release dosage form of metoprolol has 
been shown to be an effective antihypertensive agent when used alone or as concom- 
itant therapy with thiazide-type diuretics at dosages of 100-450 mg daily. Toprol XL, 
in dosages of 100 to 400 mg once daily, has been shown to pessess comparable 
B4-blockade as conventional metoprolol tablets administered two to four times daily. In 
addition, Toprol XL administered at a dose of 50 mg once daily nas been shown to 
lower blood pressure 24-hours post-dosing in placebo controlled studies. In controlled, 
comparative, clinical studies, immediate release metoprolol appeared comparable 
as an antihypertensive agent to propranolol, methyldopa, and thiazide-type diuretics, 
and to be effective both in supine and standing positions. Because of variable plasma 
levels attained with a given dose and lack of a consistent relationship of antihyper- 
tensive activity to drug plasma concentration, selection of proper dosage requires 
individual titration. 

Angina Pectoris 

By blocking catecholamine-induced increases in heart rate, in velocity and extent of 
myocardial contraction, and in blood pressure, metoprolol reduces the oxygen require- 
ments of the heart at any given level of effort, thus making it useful in the long- 
term management of angina pectoris. However, in patients with heart failure, 
beta-adrenergic blockade may increase oxygen requirements by increasing left 
ventricular fiber length and end-diastolic pressure. 

In controlled clinical trials, an immediate release formulation of metoprolol has been 
shown to be an effective antianginal agent, reducing the number of angina attacks and 
increasing exercise tolerance. The dosage used in these studies ranged from 100 to 
400 mg daily. Toprol XL, in dosages of 100 to 400 mg once daily, has been shown to 
possess comparable 8,-blockade as conventional metoprolol tablets administered two 
to four times daily. 

Pharmacokinetics 

In man, absorption of metoprolol is rapid and complete. Plasma !evels following oral 
administration of conventional metoprolol tablets, however, approximate 50% of levels 
following intravenous administration, indicating about 50% first-pass metabolism. 
Metoprolol crosses the blood-brain barrier and has been reported in the CSF in a con- 
centration 78% of the simultaneous plasma concentration. 

Plasma levels achieved are highly variable after oral administration. Only a small frac- 
tion of the drug (about 12%) is bound to human serum albumin. Elimination is mainly 
by biotransformation in the liver, and the plasma half-life ranges from approximately 3 
to 7 hours. Less than 5*6 of an oral dose of metoprolol is recovered unchanged in the 
urine; the rest is excreted by the kidneys as metabolites that appear to have no clinical 
significance. Following intravenous administration of metoprolol, the urinary recovery 
of unchanged drug is approximately 10%. The systemic availability and half-life of 
metoprolol in patients with renal failure do not differ to a clinically significant degree 


from those in normal subjects. Consequently, no reduction in dosage is usually 
needed in patients with chronic renal failure. 

In comparison to conventional metoprolol, the plasma metoprolol levels following 
administration of Toprol XL are characterized by lower peaks, longer time to peak and 
significantly lower peak to trough variation. The peak plasma levels following once 
daily administration of Toprol XL average one-fourth to one-half the peak plasma lev- 
els obtained following a corresponding dose of conventional metoprolol, administered 
once daily or in divided doses. At steady state the average bioavailability of metoprolol 
following administration of Toprol XL, across the dosage range of 50 to 400 mg once 
daily, was 77% relative to the corresponding single or divided doses of conventional 
metoprolol. Nevertheless, over the 24 hour dosing interval, 81-blockade is comparable 
and dose-related (see CLINICAL PHARMACOLOGY). The bioavailability of metoprolol 
shows a dose-related, although not directly proportional increase with dose and is not 
significantly affected by food following Toprol XL administration. 


INDICATIONS AND USAGE 

Hypertension 

Toprol XL tablets are indicated for the treatment of hypertension. They may be used 
alone or in combination with other antihypertensive agents. 

Angina Pectoris 

Toprol XL tablets are indicated in the long-term treatment of angina pectoris. 


CONTRAINDICATIONS 

Hypertension and Angina 

Toprol XL is contraindicated in sinus bradycardia, heart block greater than first degree, 
cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS 

Hypertension and Angina 

Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure, and beta-blockade carries the potential hazard of 
further depressing myocardial contractility and precipitating more severe failure. In 
hypertensive and angina patients who have tive heart failure controlled by digi- 
talis and diuretics, Toprol XL should be administered cautiously. Both digitalis and 
Toprol XL slow AV conduction. 

In Patients Without a History of Cardiac Failure: Continued depression of the 
myocardium with beta-blocking agents over a period of time can, in some cases, lead 
to cardiac failure. At the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response should be observed 
closely. If cardiac failure continues, despite adequate digitalization and diuretic therapy, 
Toprol XL should be withdrawn. 

Ischemic Heart Disease: Following abrupt cessation of therapy with certain beta- 
blocking agents, exacerbations of angina pectoris and, in some cases, myocardial 
infarction have occurred. When discontinuing chronically administered Toprol XL, par- 
ticularly in patients with ischemic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should be carefully monitored. if 
angina markedly worsens or acute coronary i i develops, Toprol XL adminis- 
tration should be reinstated promptly, at least temporarily, and other measures appro- 
priate for the management of unstable angina should be taken. Patients should be 
warned against interruption or discontinuation of therapy without the physician's 
advice. Because coronary artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Toprol XL therapy abruptly even in patients treated 
only for hypertension. 

Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASES 
SHOULD, IN GENERAL, NOT RECEIVE BETA-BLOCKERS. Because of its relative 
beta,-selectivity, however, Toprol XL may be used with caution in patients with bron- 
chospastic disease who do not respond to, or cannot tolerate, other antihypertensive 
treatment. Since beta, -selectivity is not absolute, a betag-stimulating agent should be 
administered concomilantiy, and the lowest possible dose of Toprol XL should be used 
(see DOSAGE AND ADMINISTRATION). 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy 
prior to major surgery is controversial; the impaired ability of the heart to respond to 
reflex adrenergic stimuli may augment the risks of general anesthesia and surgical 
procedures. 

Toprol XL like other beta-blockers, is a competitive inhibitor of beta-receptor agonists, 
and its effects can be reversed by administration of such agents, e.g., dobutamine or 
isoproterenol. However, such patients may be subject to protracted severe hypoten- 
sion. Difficulty in restarting and maintaining the heart beat has also been reported with 
beta-blockers. 

Diabetes and Hypoglycemia: Toprol XL should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta-blockers may mask tachycardia 
occurring with hypoglycemia, but other manifestations such as dizziness and sweating 
may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (e.g., 
tachycardia) of hyperthyroidism. Patients suspected of developing thyrotoxicosis 
should be managed carefully to avoid abrupt withdrawal of beta-blockade, which might 
precipitate a thyroid storm. 


PRECAUTIONS 


General 
Toprol XL should be used with caution in patients with impaired hepatic function. 


Information for Patients 

Patients should be advised to take Toprol XL regularly and continuously, as directed, 
preferably with or immediately following meals. If a dose should be missed, the patient 
should take only the next scheduled dose (without doubling it). Patients should not dis- 
continue Toprol XL without consulting the physician. 

Patients should be advised (1) to avoid operating automobiles and machinery or 
engaging in other tasks requiring alertness until the patient's response to therapy with 
Toprol XL has been determined; (2) to contact the physician if any difficulty in breath- 
ing occurs; (3) to inform the physician or dentist before any type of surgery that he or 
she is taking Toprol XL. 


Laboratory Tests 
Clinical laboratory findings may include elevated levels of serum transaminase, alka- 
line phosphatase, and lactate dehydrogenase. 


Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an additive effect when 
given with beta-blocking agents. Patients treated with Toprol XL plus a catecholamine 
depletor should therefore be closely observed for evidence of hypotension or marked 
bradycardia, which may produce vertigo, syncope, or postural hypotension. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to evaluate the carcinogenic 


potential of metoprolo! tartrate. In 2-year studies in rats at three oral dosage levels of 
up to 800 mg/kg/day, there was no increase in the development of spontaneously 
occurring benign or malignant neoplasms of any type. The only histologic changes that 
appeared to be drug related were an increased incidence of generally mild focal accu- 
mulation of foamy macrophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. In a 21-month study in Swiss albino mice at three oral dosage levels of up 
to 750 mg/kg/day, benign lung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung tumors, nor in the overall 
incidence of tumors or malignant tumors. This 21-month study was repeated in CD-1 
mice, and no statistically or biologically significant differences were observed between 
treated and control mice of either sex for any type of tumor. 

All mutagenicity tests performed on metoprolol tartrate (a dominant lethal study 
in mice, chromosome studies in somatic cells, a Salmonella/mammalian-microsome 
mutagenicity test, and a nucleus anomaly test in somatic interphase nuclei) and 
metoprolol succinate (a Salmonella/mammalian-microsome mutagenicity test) 
were negative. 

No evidence of impaired fertility due to metoprolol tartrate was observed in a study 
performed in rats at doses up to 55.5 times the maximum daily human dose of 
450 mg. 


Pregnancy Category C 

Metoprolol tartrate has been shown to increase post-implantation loss and decrease 
neonatal survival in rats at doses up to 55.5 times the maximum daily human dose of 
450 mg. Distribution studies in mice confirm exposure of the fetus when metoprolol tar- 
trate is administered to the pregnant animal. These studies have revealed no evidence 
of impaired fertility or teratogenicity. There are no adequate and well-controlled studies 
in pregnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed. 


Nursing Mothers 

Metoprolol is excreted in breast milk in very small quantities. An infant consuming 
1 liter of breast milk daily would receive a dose of less than 1 mg of the drug. Caution 
should be exercised when Toprol XL is administered to a nursing woman. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


Risk Of Anaphylactic Reactions 
While taking beta-blockers, patients with a history of severe anaphylactic reactions to 
a variety of allergens may be more reactive to repeated challenge, either accidental, 


diagnostic or therapeutic. Such patients may be unresponsive to the usual doses of 
epinephrine used to treat allergic reaction. 


ADVERSE REACTIONS 


Hypertension and Angina 

Most adverse effects have been mild and transient. The following adverse reactions 
have been reported for metoprolol tartrate. 

Central Nervous System: Tiredness and dizziness have occurred in about 10 of 100 
patients. Depression has been reported in about 5 of 100 patients. Mental confusion 
and short-term loss have been reported. Headache, somnolence, nightmares, 
and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have occurred in approximately 
3 of 100 patients. Cold extremities; arterial insufficiency, usually of the Raynaud type; 
palpitations; congestive heart failure; peripheral edema; syncope; chest pain; and 
hypotension have been reported in about 1 of 100 patients (see CONTRAINDICA- 
TIONS, WARNINGS and PRECAUTIONS). 

Respiratory: Wheezing (bronchospasm) and dyspnea have been reported in about 1 
of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 patients. Nausea, dry 
mouth, gastric pain, constipation, flatulence, digestive tract disorders and heartburn 
have been reported in about 1 of 100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in about 5 of 100 patients. 
Worsening of psoriasis has also been reported. 

Miscellaneous: Peyronie's disease has been reported in fewer than 1 of 100,000 
patients. Musculoskeletal pain, blurred vision, decreased libido and tinnitus have also 
been reported. 

There have been rare reports of reversible alopecia, agranulocytosis, and dry eyes. 
Discontinuation of the drug should be considered if any such reaction is not otherwise 
explicable. The oculomucocutaneous syndrome associated with the beta-blocker prac- 
tolol has not been reported with metoprolol. 


Potential Adverse Reactions 

A variety of adverse reactions not listed above have been reported with other beta- 

LT blocking agents and should be considered potential adverse reactions to 
oprol XL. 

Central Nervous System: Reversible mental depression progressing to catatonia: an 

acute reversible syndrome characterized by disorientation for time and place, short- 

term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 

formance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 

purpura. 

Hypersensitive Reactions: Fever combined with aching and sore throat, laryn- 

gospasm, and respiratory distress. 


OVERDOSAGE 


Acute Toxicity 

No overdosage has been reported with Toprol XL and no specific overdosage intor- 
mation was obtained with this drug, with the exception of animal toxicology 
data. However, since Toprol XL (metoprolol succinate salt) contains the same active 
moiety, metoprolol, as conventional metoprolol tablets (metoprolol tartrate salt), the 
recommendations on overdosage for metoprolol conventional tablets are applicable 
to Toprol XL. 


Signs and Symptoms 
Potential signs and symptoms associated with overdosage with metoprolol are brady- 
cardia, hypotension, bronchospasm, and cardiac failure. 


Treatment 

There is no specific antidote. 

In general, patients with acute or recent myocardial infarction may be more hemody- 
namically unstable than other patients and should be treated accordingly. On the basis 
of the pharmacologic actions of metoprolol tartrate, the following general measures 
should be employed. 

Elimination of the Drug: Gastric lavage should be performed. 

Bradycardia: Atropine should be administered. If there is no response to vagal block- 
ade, isoprotereno! should be administered cautiously. 

Hypotension: A vasopressor should be administered, e.g., levarterenol or dopamine. 
Bronch : A betao-stimulating agent and/or a theophylline derivative should be 
administered. 

Cardiac Failure: A digitalis glycoside and diuretics should be administered. In shock 
resulting from inadequate cardiac contractility, administration of dobutamine, isopro- 
terenol or glucagon may be considered. 


DOSAGE AND ADMINISTRATION 

Toprol XL is an extended release tablet intended for once-a-day administration. When 
switching from immediate release metoprolol tablet to Toprol XL, the same total daily 
dose of Toprol XL should be used. 

As with immediate release metoprolol, dosages of Toprol XL should be individualized 
and titration may be needed in some patients. 


Hypertension 

The usual initial dosage is 50 to 100 mg daily in a single dose, whether used alone or 
added to a diuretic. The dosage may be increased at weekly (or longer) intervals until 
optimum blood pressure reduction is achieved. In general, the maximum effect of any 
given dosage level will be apparent after 1 week of therapy. Dosages above 400 mg 
per day have not been studied. 

Angina Pectoris 

The dosage of Toprol! XL should be individualized. The usual initial dosage is 100 mg 
daily, given in a single dose. The dosage may be gradually increased at weekly inter- 
vals until optimum clinical response has been obtained or there is a pronounced slow- 
ing of the heart rate. Dosages above 400 mg per day have not been studied. if 
treatment is to be discontinued, the dosage should be reduced gradually over a period 
of 1-2 weeks (see WARNINGS). 


HOW SUPPLIED 


Contain 47.5 mg of metoprolol succinate equivalent to 50 mg of metoprolol tartrate, 
USP 


Are white, biconvex, round, film-coated 
Engraved ngon one side and scored on the other 


Bottles of 100 NDC 0186-1090-05 


Iablets 100 mg; 

Contain 95 mg of metoprolol! succinate equivalent to 100 mg of metoprolol tartrate, 
USP 

Are white, bjconvex, round, film-coated 

Engraved ms on one side and scored on the other 


Bottles of 100 NDC 0186-1092-05 


Tablets 200 mg: 

Contain 190 mg of metoprolol succinate equivalent to 200 mg of metoprolol tartrate, 
USP 

Are white, biconvex, oval, film-coated 

Engraved my and scored on one side 

Bottles of 100 NDC 0186-1094-05 

Store at controlled room temperature 15*-30?C (59*-86*F) 
Manufactured by: 

Astra Pharmaceutical Production, AB 

Sódertálje, Sweden 

Manufactured for: 
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Astra Pharmaceutical Products, Inc. 
Westborough, MA 01581-4500 
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Characterization and Prognostic Significance of 
Silent Myocardial Ischemia on Predischarge 
Electrocardiographic Monitoring in Unselected 
Patients with Myocardial Infarction 
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Sakis Themistoclakis, MD, and Cianfranco Morgano, MD 


Characteristics and prognostic significance of 


ischemic ST changes at predischarge Holter moni- 
toring were evaluated in 270 consecutive postin- 
farction patients. The 64 patients with ST 
changes had a greater incidence of non-Q-wave 
myocardial infarction (p «0.01) and ventricular 
premature contractions (p <0.01); they were more 
frequently in Moss class ^2 (p <0.01) and they 
had a lower wall motion score (p <0.05). At 2- 
year follow-up, patients with ST changes had a 
higher incidence of cardiac death and reinfarction. 
At multivariate analysis, Killip class (p <0.01) and 
ST changes (p «0.05) were the most predictive 
variables; when multivariate analysis was repeat- 
ed including an additional variable—the inability 
to perform a stress test —Killip class was the 
most significant variable (p <0.01), and the pres- 
ence of ST changes showed only borderline statis- 
tical significance (p <0.1). In the subset of pa- 
tients who did not perform the stress test, ST 
change was the most important variable (p 
« 0.01), followed by Killip class (p <0.05). Thus, 
after myocardial infarction, ST changes during 
Holter monitoring are associated with a poor prog- 
nosis and appear useful for stratifying patients 
who do not perform exercise stress tests. 

(Am J Cardiol 1992;69:579-583) 
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cardial ischemia after myocardial infarction is cor- 

related with a poor prognosis: initially, most studies 
considered spontaneous anginal symptoms with electro- 
cardiographic changes!; later, exercise tests were uti- 
lized to identify patients at high risk of subsequent car- 
diac events.? Recently, several studies®* focused on 
the prognostic significance of ST-segment changes dur- 
ing Holter monitoring; however, all of them investigated 
a selected study population. Tzivoni et al enrolled a 
low-risk group that was not representative of all postin- 
farction patients. Gottlieb et al’ studied only high-risk 
patients, whereas Bonaduce et al® included only postin- 
farction patients who could undergo both exercise tests 
and continuous electrocardiographic monitoring. 

The purpose of the present investigation was to eval- 
uate the prevalence of myocardial ischemia during pre- 
discharge Holter monitoring in consecutive patients 
after a first myocardial infarction. We also tried to 
identify which clinical and echocardiographic variables 
best correlate with the occurrence of myocardial isch- 
emia. Finally, the prognostic significance of ischemic 
ST changes in the context of other clinical variables was 
evaluated. 


I: has been demonstrated that the occurrence of myo- 


METHODS 

Patients: From January 1987 to June 1989, 441 pa- 
tients were admitted to the coronary care unit of our 
Institute for a first acute myocardial infarction. Trans- 
mural infarction was diagnosed when a new Q wave ap- 
peared and non-Q-wave myocardial infarction when 
only changes in the ST-T wave were present; 49 pa- 
tients (11.1%) died during hospitalization. There- 
fore 392 survived and were considered for 24-hour 
continuous electrocardiographic monitoring; 56 patients 
(14.3%) aged >70 years were not considered for the 
study; of the remaining 336, 43 (12.8%) who presented 
early with anginal symptoms were also not considered. 
We also excluded 19 patients with conduction distur- 
bances, valvular heart disease, pacemaker rhythm, left 
ventricular hypertrophy with strain pattern, elevated ST 
segment 21.5 mm, dominant S or Q waves in both 
channels or postural ST changes. Finally, 4 patients 
with life-threatening ventricular arrhythmias requiring 
antiarrhythmic drugs were excluded. The remaining 
270 patients (214 men, 56 women, mean age 59.7 + 
11.1 years [range 29 to 70]) performed continuous elec- 
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TABLE I Baseline Clinical Characteristics of Patients 


ST Changes No ST Changes 
(n = 64) (n = 206) 














p Value 





Age (years) 62+ 10 59+ 11 
Men/women 48 (75%) 166 (81%) NS 
History of hypertension 22 (34.4%) 73 (35.4%) NS 
Diabetes mellitus 22 (34.4%) 64 (31.1%) NS 
Hypercholesterolemia 18 (28.1%) 69 (33.5%) NS 
(> 220 mg/dl) 

Cigarette use 32 (50.0%) 114 (55.3%) NS 
Anterior MI 36 (56.2%) 109 (52.9%) NS 
Killip class II—I 8 (12.5%) 28 (13.6%) NS 
Non-Q-wave MI 17 (26.6%) 25 (12.1%) « 0.01 
Thrombolytic agent 13 (20.3) 66 (32.0) «0.1 
Calcium antagonists 40 (62.5%) 111 (53.9%) NS 
B blockers 5 (7.896) 9 (4.4%) NS 
Nitrates 61 (95.3%) 205 (99.5%) NS 
Antiplatelet drugs 12 (18.7%) 43 (20.9%) NS 
Heparin 38 (59.4%) 119 (57.8%) NS 






MI = myocardial infarction; NS = not significant. 


trocardiographic monitoring before discharge and then 
entered follow-up study. The infarction was anterior in 
113 patients, inferior in 115 and non-Q-wave in 42 (of 
the 42, 32 had anterior and 10 had inferior infarctions). 

Continuous electrocardiographic monitoring: Dual- 
channel recordings were all performed before discharge, 
an average of 13 days after the onset of symptoms, us- 
ing a commercially available Oxford Medilog II FM 
monitoring system. Pregelled electrodes were used to re- 
cord 2 bipolar leads in the V» and V; locations, with the 
ground electrode placed under the middle part of the 
right clavicle. 

Each patient was given a diary to record angina and 
angina-equivalent symptoms; they were instructed to 
press an event button on the recorder immediately on 
symptom onset. All tapes were visually analyzed at 60 
times normal speed with an Oxford “Medilog MA 20" 
scanner by an experienced technician for presence, fre- 
quency and duration of ischemic episodes; all printouts 
were at 25 mm/s. Ischemic episodes of ST-segment de- 
pression were defined as those demonstrating >1 mm 
ST depression at the J point and at 80 ms thereafter in 
each complex in consecutive beats for 260 seconds. If 
preexisting ST-segment depression was noted, at least 
0.1 mV of additional ST-segment depression was re- 
quired for the diagnosis. A normal interval of 22 min- 
utes was required after resolution of each episode before 
another distinct episode was counted. 

The technician identified any potential ischemic epi- 
sode as previously defined, noting its onset, duration, 
end and the heart rate, and provided a recording on 
paper of each episode. Hourly examples of baseline 
measurements without ST changes were also recorded 
on paper. The time of each episode recorded on 24-hour 
electrocardiographic monitoring tape was noted, and 
each was identified as either symptomatic or silent on 
the basis of the prospective recording of anginal symp- 
toms. Internal quality control was performed reanalyz- 
ing 30 (1196) tapes by a second reader unaware of the 
other results. In these tapes 1 investigator detected 19 
ischemic episodes and the other 18 with a reproducibili- 
ty of 95%. 





Ventricular premature contractions were graded us- 
ing both Lown? and Moss!” classification models. Lown 
class 1 to 2 and 4 to 5, and Moss class III to IV were 
considered together. Ventricular premature activity 
was also considered as the hourly mean distribution and 
was divided into 3 classes (<3/hour, 3 to 10/hour, 
>10/hour). 

Echocardiographic evaluation: All patients under- 
went serial echocardiographic examinations, and the 
last recording before discharge was considered for left 
ventricular wall motion analysis. Wall motion was eval- 
uated in an 11-segment left ventricular model as pro- 
posed by Edwards et al!! and modified to consider the 
apex as a single segment. Wall motion in each segment 
was graded on a scale of 0 to 3 (0 = normal, 1 = hypo- 
kinetic, 2 = akinetic, and 3 = dyskinetic); the sum of 
the scores for each segment constituted the global left 
ventricular wall motion score.'* According to the score 
obtained, patients were divided into 4 groups (SS, 6 to 
10, 11 to 15, 215). 

Follow-up period: Clinical follow-up was obtained 
by regularly scheduled visits or by patient-physician 
telephone calls. All patients were followed up for 2 
years; 34 patients (12.696) were lost to follow-up. End 
points were cardiac mortality and reinfarction, whichev- 
er occurred first. Unstable angina, coronary revas- 
cularization procedures (coronary artery bypass graft- 
ing, percutaneous coronary angioplasty), and noncar- 
diac mortality were also noted. Cardiac deaths were all 
those that were sudden (during sleep or within 2 hours 
of the onset of symptoms) or due to fatal myocardial 
reinfarction or to intractable cardiac failure. The diag- 
nostic criteria for reinfarction were the same as those 
for entry into the study. 

Statistical analysis: Continuous data are expressed 
as mean + SD and compared using the unpaired ź test. 
Categorical data are presented as the frequency of ob- 
servation and analyzed using the chi-square test. Statis- 
tical significance is defined by a p value «0.05. 

A multivariate stepwise logistic regression model 
was used to analyze the relative importance of a num- 
ber of variables in predicting follow-up cardiac mortali- 
ty and reinfarction.'4 

The following variables were tested: age, sex, history 
of hypertension, diabetes, hypercholesterolemia (total 
serum cholesterol level >220 mg/dl without treatment), 
cigarette use, Q or non-Q-wave myocardial infarction, 
site of necrosis (anterior or inferior), the highest Killip 
class observed in the coronary care unit, use of throm- 
bolytic agents, Lown and Moss grade of ventricular 
premature contractions, their mean hourly rate, ST 
changes on continuous electrocardiographic monitoring, 
and left ventricular wall motion index. Multivariate 
analysis was repeated including an additional variable: 
the inability to perform a predischarge stress test. Final- 
ly, the analysis was repeated with the use of the above- 
mentioned variables in the subset of patients who could 
not perform the stress test. 


RESULTS 
Baseline characteristics (Table I): Patients’ baseline 
clinical characteristics and medical therapy during elec- 
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TABLE II Continuous Electrocardiographic Monitoring Results 
in the 64 Myocardial Infarction Patients with ST Changes 


No. of ST-depression episodes/pt. 
Mean "Ar AE AR ww 
Range 1-8 
Total duration (min)/pt. 
Mean 27+ 28 
Range 2—156 
Duration/episode (min) 
Mean 9.3 + 4.7 
Range 1.3-20.8 
Maximal ST depression (mm) 
Mean 2.9 + 0.6 
Range 2.0—4.8 
Average heart rate at onset of 
ST-depression episodes (beats/min) 
Mean 85-4 
Range 72-91 


trocardiographic monitoring are listed in Table I. A 
higher incidence of non-Q-wave myocardial infarction 
was found in patients with ST changes (p <0.01), 
whereas the use of thrombolytic agents was slightly 
higher (p <0.1) in patients without ST changes. 

Of the 270 patients enrolled, 79 (29%) had at least 1 
contraindication to perform exercise stress tests: in par- 
ticular 32 had clinical signs of congestive heart failure, 
16 had chronic pulmonary disease, 10 peripheral vascu- 
lar disease, 12 excessive obesity, 7 orthopedic abnormal- 
ities, 2 stroke. Of these 79 patients, 25 (32%) had ST 
changes on electrocardiographic monitoring. 

Continuous electrocardiographic monitoring (Table 
il): Of the 270 patients, 64 (24%) had ischemic ST epi- 
sodes, all of which were asymptomatic and associated 
with ST depression; no ST elevation episode was record- 
ed. In the total population, the mean duration of moni- 
toring was 22.8 + 0.7 hours, and was not associated 
with the presence or absence of ST changes. The char- 
acteristics of ischemic episodes are reported in Table II. 

Ventricular premature contractions and left ventric- 
ular wall motion analysis (Table Ill): A greater number 
of patients with ST changes had >10 ventricular pre- 
mature contractions per hour (p <0.01) and were in 
Moss's class >II (p «0.01); no difference was detect- 
able when Lown classification was used. Patients with 
ST changes had a lower wall motion score index than 
patients without; in particular a greater number of pa- 
tients with ST changes had a score index <10 (p 
<0.05). 

Two-year follow-up results: Thirty-four of the 270 
patients discharged were lost to follow-up: 11 (17%) 
with and 21 (10%) without ST changes (p = not signifi- 
cant). Therefore, 236 patients — 53 (22%) with ST 
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TABLE Ili Relations Between ST Changes, Ventricular 
Premature Contractions and Left Ventricular Wall Motion 


Lown class 


ST Changes 
(n = 64) 


No ST Changes 


(n = 206) 


p Value 





NS 





0 10 (15.6%) 51 (24.7%) 
1-2 28 (43.7%) 82 (39.8%) 
3 5 (7.896) 26 (12.6%) 
4—5 21 (32.8%) 47 (22.8%) 
Moss class <0.01 
0 10 (15.6%) 51 (24.7%) 
| 32 (50.0%) 112 (54.4%) 
Il 17 (26.6%) 33 (16.0%) 
III—IV 5 (7.8%) 10 (4.8%) 
Ventricular premature contractions/hour <0.01 
<3 42 (65.6%) 164 (79.6%) 
3-10 8 (12.5%) 23 (11.2%) 
>10 14 (21.9%) 19 (9.2%) 
Global wall motion score <0.05 
0—5 22 (34.4%) 64 (31.1%) 
6-10 26 (40.6%) 54 (26.2%) 
11-15 9 (14.1926) 52 (25.2%) 
>15 7 (10.9%) 36 (17.5%) 


NS = not significant. 


changes and 183 (78%) without — were available for 
statistical analysis. 

The incidence of cardiac death and reinfarction con- 
sidered together was higher in patients with than with- 
out ST changes (p <0.05); when these events were con- 
sidered separately a borderline statistical difference was 
detectable only for cardiac death (p <0.1) (Table IV). 
No difference was observed with respect to the occur- 
rence of unstable angina (3.8 vs 3.3%) and cardiac re- 
vascularization (5.7 vs 11.5%). One patient with (1.9%) 
and 3 patients without (1.6%) ST changes died of non- 
cardiac causes. 

Ten of the patients who did not perform exercise 
stress tests were lost to follow-up, leaving 69 patients, 21 
of whom had ST changes (30%). Follow-up results of 
these 69 patients are reported in Table V. This subset 
also had a greater incidence of total end points in pa- 
tients with than without ST changes (p <0.05); no dif- 
ference was found when each event was considered sep- 
arately. Unstable angina occurred in 1 patient (4.8%) 
with and in 2 patients (4.2%) without ST changes; coro- 
nary revascularization was performed in 3 (14%) and 5 
(10%) patients. Only 1 patient, who did not have ST 
changes, died of noncardiac causes. 

Multivariate analysis: At multivariate analysis (Ta- 
ble VI), Killip class was the most significant predictor 
of a first recurrent cardiac event (p <0.01) followed by 
ST changes (p <0.05); none of the other variables con- 


TABLE IV Clinical Events During Follow-Up in Total Study Population 


ST Changes 


No ST Changes Odds 


95% Confidence 


(n = 53) (n = 183) Ratio Limit 





Total end points 14 (26.4%) 23 (12.6%) 2.5 1.1—5.6 « 0.05 
Cardiac death 11 (20.726) 19 (10.426) 2.3 0.9—5.5 «0.1 
Reinfarction 3 (5.796) 4 (2.296) 2.7 0.3-14.8 NS 


NS = not significant. 
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TABLE V Clinical Events During Follow-Up in Patients Unable to Perform Exercise Stress 





Tests 
ST Changes No ST Changes Odds 95% Confidence 
(n = 21) (n = 48) Ratio Limit 
Total end points 9 (42.8%) 8 (16.7%) 3.7 1.0-13.9 « 0.05 
Cardiac death 7 (33.3%) 7 (14.596) 2.9 0.7-11.6 NS 
Reinfarction 2 (9.5%) 1 (2.1%) 4.9 0.1-31.7 NS 


NS = not significant. 


sidered gave additional information. When multivariate 
analysis was repeated including the inability to perform 
a stress test, Killip class was considered the most signifi- 
cant variable (p <0.01) followed by the inability to per- 
form the stress test (p <0.05) and by the presence of ST 
changes that showed only borderline statistical signifi- 
cance (p <0.1). In the subgroup of patients who did not 
perform the stress test, the presence of ST changes was 
the most significant variable (p <0.01) followed by Kil- 
lip class (p «0.05). 


DISCUSSION 

The prognosis of patients after a first myocardial in- 
farction is related to the amount of myocardial dam- 
age,'> the severity of ventricular arrhythmias,!9!" and 
the presence of recurrent or inducible ischemia.!*-?! 

Recently it has been demonstrated that ST changes 
on Holter monitoring are useful in identifying patients 
at increased risk after myocardial infarction.*® How- 
ever, Tzivoni et al® studied low-risk patients who had 
myocardial infarction several months to years previous- 
ly. Gottlieb et al’ investigated high-risk patients and 
Ouyang et al? considered only the in-hospital course. 
Finally, Bonaduce et al® studied patients who performed 
both stress tests and Holter monitoring before dis- 
charge, and observed that this latter gave little addition- 
al helpful information about 1-year prognosis. 

In this study we considered consecutively all patients 
who survived a first myocardial infarction, excluding 
only those with early anginal symptoms or with diseases 
that could interfere with ST-segment analysis or with 
out-of-hospital prognosis: in these patients we found a 


TABLE VI Variables Contributing Significant Information by 
Multivariate Analysis 


Odds 
Ratio 


95% Confidence p 


Variable Limit Value 


1.6—4.3 
1.1-2.4 


« 0.01 
« 0.05 


Killip class 3.0 
ST changes 1.8 


Including in the Analysis as an Additional Variable the Inability 
to Perform Stress Test 


1.4-4.1 
1.2-3.3 


« 0.01 
« 0.05 


Killip class 2.9 

Inability to perform stress 2.4 
test 

ST changes 1.2 


0.8-1.9 «0.1 


Subgroup of Patients Not Able to Perform Stress Test 
2.6 


1.2-3.6 
1.1-3.9 


<0.01 
<0.05 


ST changes 
Killip class 2.3 





24% incidence of ST changes. The higher incidence 
(46%) of ischemia detected by Ouyang et al? may be 
due to the very early monitoring which included also 
patients who developed subsequent symptomatic isch- 
emia. The higher incidence (33%) reported by Tzivoni 
et aló may be the consequence of the long-time interval 
between infarction and Holter monitoring. Finally, Bon- 
aduce et alë found a 15% incidence of ST changes, but 
they studied only patients who could perform a stress 
test. 

The higher incidence of non-Q-wave myocardial in- 
farction in patients with ST changes supports previous 
observations that non-Q-wave necrosis is associated with 
subtotal coronary occlusion? and with a higher inci- 
dence of residual myocardial ischemia on exercise test- 
ing.^^ The use of thrombolytic agents was slightly high- 
er in patients without ST changes: the exclusion of 
patients with early angina, in whom thrombolytic treat- 
ment could have been ineffective, may account for the 
difference observed. 

The link between ischemia and ventricular arrhyth- 
mias is still debated.??-?* Gottlieb et al’ found no differ- 
ence in Lown class distribution between patients with 
and without ST changes; however, a higher incidence 
of ventricular premature contractions was found during 
the hours in which ischemic ST changes were detect- 
able. Like Gottlieb, we were unable to find any differ- 
ence between groups according to Lown classification, 
but when the Moss classification was used, more pa- 
tients with ST changes were in the higher classes. Also, 
the hourly mean distribution was higher in patients 
with than without ST changes. 

The lower wall motion score observed in patients 
with ST changes probably reflects the lower irreversible 
myocardial damage and the higher amount of myocar- 
dium at risk for residual ischemia. This finding sup- 
ports the observation that patients with non-Q-wave in- 
farction, who are at risk for recurrent ischemia, had a 
higher incidence of ST changes. 

In our study, ST changes during Holter monitoring 
give useful prognostic information, as confirmed by the 
greater occurrence of the end points considered in pa- 
tients with than without ST changes (p «0.05). Multi- 
variate analysis confirmed the prognostic significance of 
ST changes, even if when multivariate analysis was re- 
peated including an additional variable—the inability 
to perform a stress test —the presence of ST changes 
showed only a borderline significance. However, in the 
subgroup of patients who did not perform a stress test, 
the presence of ST changes was the most important 
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predictive variable. Thus, if caution should be used 
when interpreting the results of a subanalysis, our data 
suggest that ST changes are useful for stratifying pa- 
tients who have some contraindications to stress testing. 
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Because many ongoing clinical restenosis preven- 
tion trials are using quantitative angiography to 
assess whether a drug is capable of reducing the 
amount of intimal hyperplasia, quantitative angio- 
graphic risk factors for angiographic luminal nar- 
rowing after balloon angioplasty were determined, 
including stretch and elastic recoil at the dilatation 
site. Quantitative analysis was performed on 666 
lesions in 575 patients during angioplasty and at 
6-month follow-up. Stretch was defined as balloon 
diameter minus minimal luminal diameter (MLD) 
before angioplasty /reference diameter, and recoil 
as balloon diameter minus MLD after angioplas- 
ty/reference diameter. Multivariate analysis was 
used to yield independent risk factors for luminal 
narrowing at follow-up. Predictors of absolute 
change in MLD were (1) relative gain at angio- 
plasty (gain in millimeters normalized for refer- 
ence diameter) and (2) lesion length. To allow risk 
stratification, logistic regression analysis was ap- 
plied using the decrease in MLD as a binary out- 
come variable. A decrease in MLD at follow-up of 
20.72 mm was considered significant. Variables 
retained in the model were: relative gain >0.3 mm 
(rate ratio 2.9), relative gain 0.2 to 0.3 (rate ratio 
2.1), stenosis length >6.8 (rate ratio 1.7), and 
thrombus after angioplasty (rate ratio 2.6). AI- 
though stretch was significantly related to luminal 
narrowing at univariate analysis, it was not re- 
tained in the multivariate models. 

A large gain in lumen diameter at angioplasty, 
dilation of long lesions, and angiographically de- 
termined thrombus after angioplasty were found 
to be accompanied by more severe luminal nar- 
rowing at follow-up. 

(Am J Cardiol 1992;69:584-591) 
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plasty still hampers the long-term vessel patency 

in a substantial percentage of patients. Several 
investigators have sought predictors of this untoward 
event.! A multitude of patient-, procedural- and lesion- 
related variables have been found to predict long-term 
outcome of an angioplasty procedure, but because these 
findings are based on different restenosis criteria and 
varying angiographic follow-up rates accurate compari- 
son is difficult.? 

Conventionally, restenosis is determined by follow- 
up angiography. Computer-assisted automated edge de- 
tection techniques enhance objectivity and reproducibil- 
ity, and reduce the high inter- and intraobserver vari- 
ability inherent to visual interpretation of the coronary 
cineangiogram.? Because many ongoing clinical resteno- 
sis prevention trials are using quantitative angiography 
to assess whether a pharmacologic agent is capable of 
reducing the amount of intimal hyperplasia (the under- 
lying cause of restenosis), it is important to determine 
quantitative angiographic risk factors for angiographic 
luminal narrowing after balloon angioplasty. At the mo- 
ment it is unknown which angiographic parameters are 
associated with an increased risk for luminal narrowing. 
Both over- and underdilating are reported to be associ- 
ated with an increased risk for restenosis. Overdilation 
may trigger an excessive hyperplastic response, because 
of its relation with dissection and deep arterial injury 
with increased platelet activation.^? Stretching of the 
vessel itself may also be an important stimulus for the 
fibroproliferative vessel reaction by being a determinant 
of medial smooth muscle injury? and by changing the 
phenotype of the medial smooth muscle cells from con- 
tractile to synthetic. Elastic recoil after balloon defla- 
tion has (at least theoretically)*? been linked to luminal 
narrowing at follow-up. Underdilation may leave a sig- 
nificant residual stenosis with a possible increased tur- 
bulence, platelet activation and restenosis.!° 

In this study, quantitative lesion measurements be- 
fore and after angioplasty, and at follow up were ob- 
tained and correlated with loss in minimal luminal di- 
ameter (MLD) at follow-up. To examine the effect of 
degree of arterial stretching and elastic recoil on lumi- 
nal narrowing at follow-up, balloon diameters were 
measured. Stretch was defined as the difference in 
mean balloon diameter and MLD before angioplasty, 
and elastic recoil as the difference between mean 


| uminal narrowing after coronary balloon angio- 


584 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 MARCH 1, 1992 


FAN UE 37347 eek ee = 53 = Teu eF DOW 
F 
io ' - 


rOn E> - o. 
^ » < E 


balloon diameter and MLD after angioplasty? Both 
stretch and recoil were normalized for reference diame- 
ter to correct for the influence of vessel size and are 
therefore dimensionless. 


METHODS 

The study population consisted of 697 patients who 
were originally enrolled in 6 European centers for the 
CARPORT trial!! (see Appendix). In this randomized, 
double-blind, placebo-controlled trial, a novel throm- 
boxane A, receptor antagonist (GR32191) was inves- 
tigated for its ability to prevent restenosis after primary 
coronary angioplasty. Follow-up of these patients was 
performed on a prospective basis, and all patients 
agreed to undergo repeat angiography at 6 months. 
Neither angiographic nor clinical benefit of the com- 
pound could be demonstrated,!! so the placebo and ac- 
tive treatment groups could be pooled for the present 
study. All patients with both stable and unstable angina, 
and angiographically proven native coronary artery dis- 
ease who were scheduled for primary angioplasty were 
considered for participation in the trial. Specific exclu- 
sion criteria are listed in Table I. A screening log was 
maintained at 2 centers to assess the relative frequencies 
of these exclusion criteria. 

Unsuccessful angioplasty procedures occurred in 48 
patients (6.9%). Successful angioplasty was defined as 
<50% residual stenosis by visual inspection of the an- 
giogram after angioplasty, and no occurrence of in-hos- 
pital complications (death, acute myocardial infarction, 
repeat angioplasty, aortocoronary bypass grafting or re- 
currence of symptoms). 

Five hundred seventy-five (88.6%) of the 649 pa- 
tients with a successful angioplasty had a follow-up an- 
giogram suitable for quantitative angiography. Reasons 
for not completing the study were late death (n = 2), 
contraindication for repeat catheterization (n = 18), 
and refusal (n = 46). Eight follow-up angiograms were 
unsuitable for quantitative analysis. 

Angioplasty procedure and follow-up angiography: 
Coronary angioplasty was performed with a steerable, 
movable guidewire system by the femoral route. Stan- 
dard available balloon catheters were used. Choice of 
balloon type and brand, as well as inflation duration 
and pressure, were left to the discretion of the angio- 
plasty operator. At the beginning of the angioplasty pro- 
cedure, all patients received 10,000 IU of intravenous 
heparin for the first 2 hours; afterward, they received 
5,000 IU/hour for as long as the procedure continued. 
All patients received 10 mg of nifedipine every 2 hours 
for the first 12 hours after angioplasty. Thereafter they 
received 20 mg of slow-release nifedipine tablets 3 times 
during the second day after angioplasty. 

Four coronary angiograms were obtained in each pa- 
tient, 1 just before angioplasty, 1 during maximal infla- 
tion of the largest balloon used, 1 immediately after the 
procedure, and 1 at follow-up. Angiograms were record- 
ed in such a way that they were suited for quantitative 
analysis by the Cardiovascular Angiography Analysis 
System (CAAS). All necessary details of the procedure 
were recorded, and drawings of the segments to be ana- 
lyzed were made. For calibration purposes, catheter tips 
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TABLE I Reasons for Exclusion of 1,318 of 1,614 Screened 
Patients in Two of Six Participating Centers 


Reason No. (96) 


235 (18) 
352 (27) 


Insufficient lead-in time* 

Use of platelet inhibiting drugs or nonsteroid antiinflam- 
matory drugs in 7 days preceding study 

Refusal to participate or undergo 6-month 
recatheterization 

Currently receiving oral anticoagulant drugs 

Angioplasty for restenosis 

Acute myocardial infarction in 2 weeks preceding angio- 
plasty 

Bypass graft dilatation 

History of obstructive airway disease 

History of peptic disease or upper GI bleeding 

Previous participation in the trial 

Other severe disease 

Participation in other trial 

History of intolerance to aspirin 

Aged «21 years 

Pregnant or likely to become pregnant during study 

Total 


364 (28) 


119 (9) 
105 (8) 
52 (4) 


39 (3) 
26 (2) 
10 (1) 

2 (0.2) 

6 (0.5) 

6 (0.4) 

1 (0.1) 

1 (0.1) 
O (0) 

1,318 (100) 


*Urgent referrals outside working hours. 
GI = gastrointestinal. 





were cut off for later measurement with a microcaliper. 
To standardize the method of data acquisition and to 
ensure exact reproducibility of the angiographic studies, 
measures were obtained as described previously.?!? All 
angiograms were processed and analyzed at a central 
core laboratory (see Appendix). 

The follow-up coronary angiogram was performed 
after 6 months. If symptoms recurred within 6 months, 
coronary angiography was performed earlier. If no defi- 
nite restenosis was present and follow-up time was <4 
months, the patient was asked to undergo another coro- 
nary arteriogram at 6 months. 

Quantitative angiography (Figure 1): All cineangio- 
grams were analyzed using the CAAS that has been 
described and validated previously.!?!^ A computer-de- 
rived reconstruction of the original arterial dimension at 
the site of obstruction (assuming there is no disease 
present) is used to define the interpolated reference di- 
ameter. The length of the obstruction is determined 
from the diameter function on the basis of curvature 
analysis and is expressed in millimeters. In addition, this 
technique allows for the calculation of an eccentricity 
index? of the lesion. The index ranges from 0 (severely 
eccentric) to 1 (perfectly symmetric). Because the algo- 
rithm can not measure total occlusions, a value of 0 mm 
was substituted for the MLD. In these cases, the refer- 
ence diameter after angioplasty was substituted for that 
before. The mean change in MLD from angiography 
after angioplasty to follow-up and from before to after 
angioplasty was derived from matched angiographic 
projections. Balloon artery ratio was defined as the ratio 
of the mean balloon diameter measured in a nonfore- 
shortened projection and the reference diameter of the 
dilated segment. Three parameters were calculated that 
reflect the changes occurring during angioplasty (Fig- 
ure 2). These were (1) stretch (mean balloon diameter 
minus MLD before angioplasty/reference diameter), 
(2) elastic recoil (mean balloon diameter minus MLD 
after angioplasty/reference diameter) and (3) relative 
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TABLE Il Baseline Characteristics 


575 
56 +9 
464/111 (81%)/(19%) 
172 + 41 
666 
321 (48%) 
154 (23%) 
191 (29%) 
221 (38%) 
15 (3%) 
10 (2%) 


Number of patients 

Age (years) 

Men/women 

Time to follow-up angiography (days) 
Number of narrowings dilated 


Left anterior descending artery 
Left circumflex artery 

Right coronary artery 

Prior myocardial infarction 
Prior coronary bypass surgery 
Prior angioplasty at other site 





gain achieved by angioplasty (MLD after minus MLD 
before angioplasty/reference diameter). All 3 parame- 
ters were normalized for interpolated reference diame- 
ter to correct for vessel size and are therefore dimen- 
sionless. Intracoronary thrombus was defined as an 
intraluminal filling defect visible in all projections or 
dye staining at the site of a total occlusion (interob- 
server concordance rate for the assessment of intracoro- 
nary thrombus in the core laboratory 89%). 
Significant luminal narrowing: To predict significant 
luminal narrowing after angioplasty, we chose a cutoff 
point above which significant deterioration in MLD is 
likely. We have found a change in MLD of =0.72 mm 
to be a reliable indicator of angiographic progression of 
vessel narrowing.*:'* This value takes into account the 
limitations of coronary angiographic measurements and 
represents twice the long-term variability for repeat 
measurements of a coronary obstruction using CAAS.!4 
This variability reflects the long-term random variation 
in lesion measurements from coronary angiograms ob- 
tained at different catheterization sessions using CAAS. 
The use of 1 standard deviation would include 68.3% of 
the measurement variability, whereas the use of 2 stan- 


INTERPOLATED REFERENCE DIAMETER (RD) 


DETERMINED BY 


CURVATURE ANALYSIS 


EXTENT OF OBSTRUCTION 
DIAMETER FUNCTION 





FIGURE 1. Graphic representation of quantitative angiograph- 
ic measurements. Upper panel represents stenosed arterial 
segments. Lower panel is diameter function curve. Length of 
analyzed segment is depicted on x axis, and vessel diameter 
on y axis. Extent of obstruction = lesion length. Lesion length 
is determined with curvature 


minal diameter (MLD). Eccentricity is determined at site of 
MLD and calculated as a/b. 
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Minimal luminal diameter (mm) 
Before angioplasty 





1.04 + 0.37 (0.00-2.83) 


After angioplasty 1.76 + 0.38 (0.85—3.04) 

Follow-up 1.48 + 0.59 (0-3.15) 
Diameter stenosis (95) 

Before angioplasty 60. € 13 (33-100) 

After angioplasty 34 + 9 (6—65) 

Follow-up 45 + 19 (4-100) 


Difference in minimal luminal diameter 


Before and after angioplasty (mm) 0.75 + 0.40 

After angioplasty—follow-up (mm) 0.28 + 0.52 

Relative gain at angioplasty* 0.28 + 0.16 
Difference in % diameter stenosis 

Before and after angioplasty (95) 26 + 14 

After angioplasty—follow-up (96) 11 « 19 


*See Figure 2. 


dard deviations (2 X 0.36 = 0.72 mm) includes 95.5%. 
Therefore, a difference in MLD of more than twice the 
long-term measurement variability can be considered 
indicative of significant luminal narrowing. To compare 
the criterion of change in MLD with a more conven- 
tional criterion of restenosis, analyses were also per- 
formed with the >50% diameter stenosis criterion. 

Data analysis: Data were analyzed using the BMDP 
statistical software package (University of California, 
Berkeley, California). In a univariate analysis (unpaired 
Student's ¢ test), those continuous quantitative angio- 
graphic variables that were related to a significant loss 
in MLD were selected. These variables together with 
elastic recoil and balloon artery ratio (known from the 
literature to be related to restenosis) were entered in a 
stepwise multiple linear regression analysis to identify 
variables, with an independent contribution to the pre- 
diction of absolute decrease in MLD as a continuous 
variable (see Appendix). 

To allow risk stratification, logistic regression analy- 
sis using indicator variables was subsequently applied, 
with the decrease in MLD (using a decrease of 20.72 
mm as the cutoff value), and the 50% diameter stenosis 


MLD (mm) 
3 


BALLOON 


STRETCH RECOIL 


: 


GAIN 





FIGURE 2. Graphic representation of terms used. Mean abso- 
lute values of variables are shown. Stretch, recoil and gain 
were normalized for vessel size (reference diameter) to correct 
for vessel size. BALLOON = balloon mean diameter; F-UP = 
follow-up MLD; MLD = minimal luminal diameter; POST = 
MLD after angioplasty; PRE = MLD before angioplasty. 
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criterion as binary outcome variables, because the logis- 
tic regression coefficients are easily related to adjusted- 
rate ratios for the different variables. Continuous 
variables were therefore grouped into 3 equally sized 
subgroups (tertiles). Three subgroups were selected to 
enable assessment of trends in the incidence of a 20.72 
mm decrease and because more subgroups would weak- 
en the strength of associations. The incidence of a 
70.72 mm decrease was determined in each subgroup. 
If a trend for a higher incidence was present in each 
consecutive subgroup, then the one with the lowest inci- 
dence was chosen as the reference group. If no trend for 
an increasing incidence of a 20.72 mm decrease was 
present in each consecutive subgroup, the one with the 
highest incidence was compared with the 2 others com- 
bined (reference group). 

Distortion of the relation between different determi- 
nants of a 20.72 mm decrease in MLD and the inci- 
dence of a decrease 20.72 mm (confounding) caused by 
unequal distributions of these determinants among the 
tertiles was eliminated by multivariate logistic regres- 
sion analysis. Description of the multivariate logistic re- 
gression model and of the methodology to obtain adjust- 
ed-rate ratios and 95% confidence intervals (CIs) is giv- 
en in the Appendix. 


RESULTS 

Baseline characteristics of the 575 patients with 
quantitative angiographic follow-up are summarized in 
Table II. 

Overall quantitative angiographic findings before 
and after angioplasty, and at follow up are presented in 
Table III. Reference diameter was not different before 
and after angioplasty, and at follow up (2.64 + 0.56, 
2.71 + 0.54 and 2.71 + 0.56 mm, respectively), suggest- 
ing an accurate control of vasomotion during the 3 angi- 
ographic studies. 

The incidence of significant luminal narrowing (= 
0.72 mm) was 17.796 (117 of 666 lesions). The inci- 
dence of restenosis according to the 50% diameter ste- 
nosis criterion was 33% (220 of 666 lesions). 

Univariate analysis: With univariate analysis (Table 
IV), the following quantitative angiographic variables 
were associated with a 20.72 decrease in MLD: MLD 
before and after angioplasty, increase in MLD obtained 
by angioplasty, length of obstruction, and stretch. Thir- 
ty-six lesions were totally occluded before angioplasty, 
and therefore, stenosis length and eccentricity coeffi- 
cient could not be measured. For comparison with the 
traditional restenosis criterion of >50% diameter steno- 
sis at follow-up, values were also broken down accord- 
ing to this criterion. The apparent difference in MLD 
after angioplasty for the 2 criteria, and the absence of a 
difference in relative gain in the < and >50% diameter 
stenosis at follow-up groups are explained later. 

More stretching was accompanied by more recoil. 
The amount of recoil in the tertile with the highest 
amount of stretch (20.65) was 0.42 compared with 
0.25 in the other 2 tertiles combined (stretch «0.65) (p 
«0.0001; unpaired f test). 

Multiple linear regression analysis: The variables 
significantly related to a 20.72 mm decrease in MLD 
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in the univariate analysis, as well as elastic recoil and 
balloon artery ratio, were entered in the multiple linear 
regression analysis. Only relative gain in MLD at angio- 
plasty, and the length of the stenosis were retained in 
the final model. The amount of stretch induced on the 
vessel wall, although significantly higher in the group of 
lesions with a 20.72 mm decrease in MLD with uni- 
variate analysis, was not retained in the stepwise multi- 
ple linear regression model. 

Logistic regression analysis: The variables retained 
in the multiple linear regression analysis, and 6 vari- 
ables known from the literature to be related to resteno- 
sis were entered in the logistic regression model. The 
latter variables were vessel dilated,!? total occlusion be- 
fore angioplasty,'® angiographically determined throm- 
bus before and after angioplasty, elastic recoil and bal- 
loon artery ratio. Thrombi before and after angioplasty 
were included, because it has been reported that throm- 
botic lesions are longer in length and that total occlu- 
sions frequently have a thrombotic component. Further- 
more it is conceivable that thrombotic lesions have a 
larger relative gain and low elastic recoil. Angiographi- 
cally, a thrombus was observed in 32 of 666 lesions 
before angioplasty (5%) and in 16 (1.6%) after. Type 
of trial medication (placebo or active treatment) was 
forced into the model to rule out any effect on the anal- 
ysis results. Because dilation of totally occluded coro- 
nary arteries is associated with a higher restenosis 
rate,! and it could be argued that in these lesions in 
general a higher gain at angioplasty will be achieved, 
this determinant was also forced into the model to ac- 
count for any confounding effect. Totally occluded le- 
sions did not have length measurements; therefore, the 
indicator variable for lesion length was set to 0 in these 
cases. 

A relative gain at angioplasty of 20.3 had an adjust- 
ed-rate ratio (RR) for developing a decrease in MLD 
20.72 mm of 2.9. This means that the risk for develop- 
ing a decrease of 20.72 mm with at least this relative 
gain is 2.9 times as high as it is for lesions with a rela- 
tive gain «0.2. The 95% CIs were 1.9 to 4.5. Other 
variates retained were relative gain between 0.2 and 0.3 
(RR 2.1, 95% CI 1.3 to 3.3), lesion length 26.8 mm 
(RR 1.7, 95% CI 1.2 to 2.3) and thrombus after angio- 
plasty (RR 2.6, 95% CI 1.1 to 6.2). Total occlusion be- 
fore angioplasty and use of active trial medication had 
no significant independent predictive contribution to a 
significant decrease in MLD (RR 1.5, 95% CI 0.8 to 
3.0, and RR 1.1, 95% CI 0.7 to 1.5, respectively). 
Stretch, balloon artery ratio, elastic recoil, type of ves- 
sel, and thrombus before angioplasty were not retained 
in the final logistic regression model. 

To assure that total occlusions did not unduly influ- 
ence the results, analysis was repeated excluding these 
lesions. Adjusted-rate ratios were similar to those in the 
original analysis (relative gain 0.2 to 0.3: RR 2.2, 95% 
CI 1.4 to 3.4; relative gain 70.3: RR 3.2, 95% CI 2.0 to 
5.1; lesion length 26.8 mm: RR 1.8, 95% CI 1.2 to 2.6). 

The logistic regression analysis was also performed 
with the >50% diameter stenosis criterion as dependent 
variable. Type of trial medication was again forced into 
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the model. A lesion length of 26.8 mm (RR 1.3, 95% 
CI 1.1 to 1.4) and thrombus after angioplasty (RR 1.8, 
95% CI 1.0 to 3.1) were retained in the final model. The 
use of GR32191 as trial medication had an adjusted- 
rate ratio of 0.98 (95% CI 0.9 to 1.1). 


DISCUSSION 

Luminal narrowing after coronary angioplasty is a 
complex process that is only partially understood. Histo- 
logic studies of coronary arteries after dilation obtained 
by either autopsy or atherectomy have provided direct 
and indirect evidence that strongly supports the concept 
of intimal hyperplasia or proliferation of smooth muscle 
cells of medial or intimal origin as the underlying cause 
of luminal narrowing after angioplasty. 

The 1 factor most strongly associated with luminal 
narrowing in this study was the relative gain in MLD 
achieved by angioplasty. This probably best reflects 
the combination of deep arterial injury and reversible 
stretch imposed on the diseased vessel wall. Deep arteri- 
al injury and smooth muscle cell stretch are known 
stimuli for smooth muscle cell proliferation. It is now 
believed that after balloon injury, denudation of endo- 
thelial cells is followed by platelet adhesion and aggre- 
gation with the release of growth factors (notably plate- 
let-derived growth factor), and vaso- and platelet-active 
substances. Extensive damage to the endothelial lining 
of the vessel, which is always present after balloon dila- 
tation, may upset the balance between the inhibiting ef- 
fect of endothelial-derived heparin sulphates on medial 
smooth muscle cell growth, and the mitogenic and che- 
motactic effect of platelet-derived growth factor and of 
other growth factors on these cells.!8 Not only platelet 
exposure to the vascular layers, but also direct injury to 
the smooth muscle cells is reported to begin the prolifer- 
ative response.!? So, as suggested by Liu et al,?? a major 
factor that determines the amount of intimal hyperpla- 
sia after balloon angioplasty seems to be the extent of 
permanent mechanical injury inflicted upon the vessel 
wall. Animal experiments with an atherosclerotic rab- 
bit model have shown that the combination of balloon 
oversizing and long inflations caused most damage to 
the vessel wall and was associated with the greatest de- 
gree of intimal hyperplasia at follow-up.?! Similarly 
Schwartz et al? described an aggressive proliferative re- 
sponse in a porcine model as a result of severe stent 
oversizing. This effect, which they attributed to penetra- 
tion of the internal elastic membrane by the stent wires 
and subsequent deep arterial injury, was much less pro- 
nounced when the stent was matched more closely to 
the vessel diameter. This was recently also demon- 
strated in a clinical stent study.? Implantation of an 
oversized stent was combined with a more aggressive 
hyperplastic reaction than when the stent was more 
closely matched to the receiving artery. 

Dilation of totally occluded coronary arteries is 
known to be associated with a higher restenosis rate.!® 
However, total occlusions forced in the logistic regres- 
sion model did not have a significant independent con- 
tribution to the prediction of a decrease in MLD of 
20.72 mm, probably due to an unequal distribution of 
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thrombus after angioplasty over totally occluded and 
patent arteries; 6 of 36 (16.7%) total occlusions before 
angioplasty had a thrombus after versus 10 of 630 
(1.596) patent arteries. It could be argued that in total 
occlusions in general, a higher gain at angioplasty will 
be achieved, and that this may be the explanation for 
the relation found between gain and restenosis. In our 
population, 36 total occlusions were successfully dilated 
with a restenosis rate at follow-up of 33.3% (12 of 36; 
>0.72 mm criterion). However, if total occlusions be- 
fore angioplasty are left out of the analysis, a high rela- 
tive gain and lesion length were still associated with a 
significant adjusted risk for a decrease of 20.72 mm. 

The fact that angiographically determined thrombus 
at the dilation site before angioplasty was not found to 
be a risk factor for a significant decrease in MLD tends 
to confirm our earlier report that showed no difference 
in significant luminal narrowing for patients with unsta- 
ble angina.** Angiographically demonstrable intracoro- 
nary thrombus after angioplasty is the angiographic 
proof that massive platelet aggregation, thrombin acti- 
vation and fibrin formation have occurred with the sub- 
sequent release of vasoactive substances? and growth 
factors involved in the fibroproliferative restenosis pro- 
cess. Furthermore, a recent postmortem study showed 
that part of early (<1 month) restenosis lesions consist- 
ed of mural thrombus.? 

Longer lesions were found to be associated with a 
higher relative risk for restenosis at follow-up. In these 
lesions, more smooth muscle is possibly exposed to inju- 
ry and platelet adhesion, which enhances the risk of re- 
stenosis. Several studies have indeed shown that long 
lesions and vessel areas containing thick atherosclerotic 
plaques are related to an increased incidence of dissec- 
tions, and thus more extensive vessel wall injury.*°’ 

Several experimental studies have suggested that di- 
lation of the vessel wall is a stimulus for smooth muscle 
cell proliferation and later intimal hyperplasia, ^?! ei- 
ther by stretch or direct injury to smooth muscle cells. 
In the present study, univariate analysis (Table IV) 
showed that a significantly higher amount of stretch 
was induced on the vessel wall in the group with a 
70.72 mm decrease in MLD. These findings correlate 
with the observations by Fischell et alf that showed a 
relation between the degree of arterial stretching and 
the severity of smooth muscle injury as determined by 
reduction of vasoconstrictor responsiveness and by histo- 
pathological examination, and, as emphasized previous- 
ly, more smooth muscle injury has been shown to en- 
hance intimal hyperplasia in a more controlled animal 
model.?! However, after elimination of the unequal dis- 
tribution of stretch over the various determinants of a 
significant decrease in MLD by multivariate analysis, 
stretch was not found to be an independent predictor of 
luminal narrowing. 

Elastic recoil, as measured within minutes after the 
last dilatation? was not found to be a determinant of 
restenosis. This finding is at variance with another re- 
port? that suggests that recoil may be a factor in lumi- 
nal narrowing observed at follow-up. It may be that re- 
coil is not an instantaneous phenomenon, but rather ex- 
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erts its effect over a longer period of time, and thus 
could not be picked up by the angiogram after angio- 
plasty that was obtained within minutes after the final 
balloon deflation. 

Study limitations: To allow risk stratification for de- 
crease in MLD with the use of multivariate analysis 
techniques, a cutoff point had to be chosen that accu- 
rately describes those lesions that underwent a signifi- 
cant deterioration at follow-up. The rationale for the 
0.72 mm criterion as a marker for significant luminal 
narrowing is outlined previously. This criterion is not 
meant to be a restenosis criterion in this study, because 
that also implies some sort of functional measure of le- 
sion severity at follow-up. The frequently used defini- 
tion of 50% diameter stenosis at follow-up is historically 
based on the physiologic concept of coronary flow re- 
serve introduced by Gould et al?’ in 1974 and is used 
because it represents the approximate value in animals 
with normal coronary arteries at which blunting of the 
hyperemic response occurs. Although this value may be 
of some relevance in determining a significant stenosis 
in human atherosclerotic vessels, it tells us nothing 
about the dynamic behavior of the restenosis process. If 
the 50% diameter stenosis at follow-up criterion is used, 
lesions with a suboptimal angioplasty result will prefer- 
entially be selected (i.e, have to undergo a small de- 
crease in MLD to be termed restenosed). This is reflect- 
ed by the lower MLD after angioplasty in the >50% 
diameter stenosis group (Table IV) compared with that 
of the >50% group. The mean percent diameter stenosis 
after angioplasty in the group with a relative gain «0.2 
was 4096; in the group with a relative gain between 0.2 
and 0.3 this was 34%, and in that with a gain 20.3 this 
was 28%. This means that lesions with a small relative 
gain generally tend to have a poorer result after angio- 
plasty and are close to the 50% diameter stenosis cutoff 
point. Furthermore, because the long-term variability of 
diameter stenosis measurements using CAAS is 6.5%,'* 
a significant number of lesions will be defined as reste- 
nosed, while in fact no change has occurred. The mean 
percent diameter stenosis after angioplasty was 31% for 
those lesions fulfilling the 20.72 mm criterion, and 37% 
for the >50% diameter stenosis criterion. Therefore, 
both criteria describe different populations at follow-up, 
and if one wants to examine risk factors for change in 
luminal diameter, the 5096 diameter stenosis criterion is 
inappropriate. 

The definition of stretch was essentially the same as 
that used by Fischell et al in a series of in vitro experi- 
ments with isolated, perfused, nondiseased, whole vessel 
segments of rabbit aortas and dog carotid arteries. In 
our population of diseased arterial segments, stretch 
was calculated as the difference between mean balloon 
diameter and MLD before angioplasty divided by the 
relaxed reference diameter, because this reflects the 
maximal focal stretch induced on the vessel wall. This 
presumes that no compression or extrusion of the ath- 
erosclerotic plaque occurred during angioplasty. 

The immediate luminal narrowing after balloon de- 
flation that we attributed to elastic recoil could also be 
caused by spasm or nonocclusive mural thrombus for- 
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mation. It has been shown that the administration of 
intracoronary nitrates after angioplasty abolishes possi- 
ble spasm.!??? Furthermore, the mean reference diame- 
ter after angioplasty was not different from that before. 
Our angiogram after angioplasty was obtained within 
minutes after the final balloon deflation, and although 
we cannot rule out the possibility of mural thrombus to 
occur in this short time period, we believe that it cannot 
explain the observed immediate 3096 reduction in MLD. 
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APPENDIX 

Linear regression analysis: Stepwise multiple linear 
regression analysis was performed (BMDP statistical 
package, program 2R) to assess the relation between 
the variables mentioned in Methods (independent vari- 
ables — X;) and the decrease in MLD from the angio- 
gram before angioplasty to that at follow-up (dependent 
variable = Y): Y = A + 2; B;X;, where A is the inter- 
cept and B; is the jth regression coefficient. The stan- 
dard 2R criteria of F >4 for inclusion, and F «3.9 for 
elimination were used. 

Multivariate logistic regression analysis: Multiple 
logistic regression analysis was performed with the 
BMDP statistical package (program LR). The linear lo- 
gistic model relates a probability (P) for the outcome 
event to the value of a baseline characteristic (X) using 
the linear logistic function: P = 1/1 + e~@*>%). The re- 
lation between variables retained in the multiple linear 
regression model and restenosis according to the 0.72 
mm criterion was expressed in a multivariate logistic 
regression model. Also, a set of variables reported to be 
predictors of restenosis was selected. All these variables 
were entered in a model, | at a time. The model to 
describe the risk for developing restenosis was fitted to 
the data of 595 lesion dilatations with balloon measure- 
ments. The standard LR criteria of p «0.1 for inclusion, 
and p 20.15 for elimination were used. Adjusted-rate 
ratios and 95% confidence intervals were obtained ac- 
cording to the method of Miettinen?? by the following 
formulas, in which the incidence of restenosis was en- 
tered for all variates (X;) other than the variates for 
which the adjusted-rate ratio was determined; 1 was en- 
tered for the variate under study (X;) in the numerator 
and 0 in the denominator: 


[1 + exp(—(intercept + XibX, + bj1))]7' 


fate aio [1 + exp(—(intercept + 2\b;X,; + b0))]" 
95% confidence interval: rate ratio! *! 96/(5i/SE)) 
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Comparison of Percutaneous Transluminal 
Coronary Angioplasty Versus Coronary 
Artery Bypass Grafting for Multivessel 

Coronary Artery Disease 
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Wayne Robuck, MA, MS, Georgia Dittmeier, RN, and Gary D. Beauchamp, MD 


Percutaneous transluminal coronary angioplasty 
(PTCA) and coronary artery bypass grafting 
(CABG) are both widely performed in the treat- 
ment of multivessel coronary artery disease. Little 
data directly compare the outcomes of patients 
treated with these 2 techniques. We examined the 
characteristics and outcomes of 152 patients who 
underwent multivessel PTCA and 134 patients 
who had multivessel CABG. Patients who had pri- 
or PTCA or CABG were excluded. Baseline char- 
acteristics such as age, sex, and prior myocardial 
infarction were similar in the 2 groups. Ejection 
fraction was significantly lower in the CABG 
group (48 + 14%) versus the PTCA patients (53 + 
15%) (p = 0.002). Narrowing distribution when 
analyzed by major vascular beds (left anterior de- 
scending, circumflex and right coronary arteries) 
as well as by individual arteries was not signifi- 
cantly different between the groups when left 
main stenosis was excluded. The surgical group 
received a larger number of bypasses per patient 
(3.9) when compared with narrowings dilated in 
the angioplasty group (3.7) (p <0.001). The left in- 
ternal mammary artery was used in 75% of pa- 
tients as one of the grafts. Angioplasty success 
was 95% by standard criteria. 

Over a mean follow-up of 110 weeks for PTCA 
patients and 134 weeks for CABG patients the oc- 
currence of death was similar (10 and 14%, re- 
spectively) as was myocardial infarction (4 and 
2%, respectively). However, all other cardiac 
events including subsequent cardiac catheteriza- 
tion (49 vs 10%), PTCA (30 vs 2%) and CABG (23 
vs 2%) occurred significantly more often in the 
PTCA group (all p <0.001). Of the 152 PTCA pa- 
tients, 74 (49%) underwent repeat catheterization 
once, 26 (17%) twice, 8 (5%) 3 times, and 4 (3%) 
4 times. At the time of final follow-up, 87% of sur- 
viving patients in the CABG group were angina- 
free and 84% had negative treadmill test results, 
whereas these findings were seen in 78 and 73% 
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of PTCA patients, respectively (p <0.02 for a sig- 
nificant difference in these indicators of recurrent 
ischemia between the 2 groups), despite the great- 
er number of intervening procedures in the PTCA 
group. 

It is concluded that although both PTCA and 
CABG can provide good symptomatic relief for pa- 
tients with multivessel coronary artery disease, 
with comparable midterm survival rates, a need 
for repeat interventions occurs significantly more 
often in patients of this type undergoing angio- 
plasty as opposed to those undergoing surgery, 
with greater evidence of residual or recurrent 
ischemia in those who received PTCA. 

(Am J Cardiol 1992;69:592-597) 


coronary angioplasty (PTCA) has enjoyed in- 

creasing application to more involved coronary 
artery disease subsets.'?? However, despite a tremen- 
dous increase in utilization,!^!929 which now matches 
or exceeds that of coronary artery bypass grafting 
(CABG), little data exist that allow comparison of the 
results obtained with these 2 techniques.?!-?6 CABG has 
been demonstrated in several disease subgroups to im- 
prove survival and reduce subsequent cardiac events 
when compared with medical management.27-39 Com- 
parable data for coronary angioplasty are not currently 
available. To address the relative benefits conferred by 
multivessel angioplasty versus bypass surgery, we exam- 
ined the recent experience with these techniques from 
our medical center. 


! yo its introduction, percutaneous transluminal 


METHODS 

Patients: Over a 3-year period from mid-1986 to 
mid-1989, consecutive patients evaluated and treated by 
our group who met the criteria described below were 
included in this study. Patients were chosen who had 
not undergone previous PTCA or CABG, and who did 
not present with acute myocardial infarction. A patient 
had to have 23 bypass grafts or dilated lesions in 2 
of the major coronary arteries (left anterior descend- 
ing, circumflex, right coronary artery) or their major 
branches in order to be entered into the study. By intent 
this resulted in a highly select group with true multives- 
sel disease who received aggressive attempts at complete 
revascularization. Of 3,163 patients undergoing PTCA 
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by our group over this period, 2,709 had X2 narrowings 
dilated, 127 had PTCA for acute myocardial infarction 
(in the setting of multivessel coronary artery disease), 
and 175 had prior PTCA or CABG, resulting in the 
PTCA study group of 152. This group was therefore a 
highly select cohort of patients (5% of our total PTCA 
population) who had multivessel disease and complete 
revascularization. Patients undergoing CABG by 1 of 2 
skilled surgeons, who each performed approximately 
200 procedures per year at our institution, were se- 
lected from May 1986 to August 1988. Of their pro- 
cedures, approximately 50% were performed for our 
group. When we excluded patients who had undergone 
1 or 2 CABGs as well as those who had prior PTCA or 
CABG, the count was 159 patients. When we also ex- 
cluded those who had accompanying valve surgery or 
had acute myocardial infarction, the study count was 
134 CABG patients. Significant stenosis was considered 
>70% diameter reduction for all but the left main coro- 
nary artery, for which 250% stenosis was considered 
significant. Patient follow-up was obtained from office 
visit, chart review, telephone and letter contact, and 
state mortality record review. 

Technique: PTCA was performed using the stan- 
dard femoral technique in all cases. Guide catheter ma- 
terials were 8Fr in size and included a variety of config- 
urations appropriate to assure adequate balloon catheter 
delivery to the affected vessels. Views of the coronary 
arteries before and after balloon dilatation were ob- 
tained in multiple angulated projections using small in- 
jections of contrast material. A variety of balloon cathe- 
ter devices were used at the discretion of the operator. 
Balloon inflations generally ranged from 4 to 12 atm, 
depending on the recommended characteristics of the 
catheter. Balloon inflations were maintained from 20 
seconds to 2 minutes at the discretion of the operator. 
Angioplasty success was defined as a reduction of steno- 
sis to <50% residual diameter narrowing without major 
complications (CABG, myocardial infarction or death). 
In most cases attempts were made to reduce residual 
diameter narrowing to <30%. Patients were premedi- 
cated with aspirin 325 mg/day and a calcium antago- 
nist. At the beginning of the angioplasty procedure, 
10,000 U of intravenous heparin was administered, 
which was supplemented throughout the protocol as 
dictated by activated clotting times obtained in the 
catheterization laboratory. Heparin infusion was usually 
maintained after completion of the procedure for ap- 
proximately 24 hours. Situations in which significant in- 
timal dissection had occurred were considered for longer 
periods of heparin administration. Restenosis was de- 
fined as a return to >70% diameter narrowing. 

The surgical technique performed was that of mod- 
erate systemic hypothermia to 28 to 30°C with a mem- 
brane oxygenator. Blood flows of 2.2 liter/min/m? were 
maintained throughout cardiopulmonary bypass. Myo- 
cardial preservation was maintained with blood or crys- 
talloid cardioplegia supplemented with cold topical sa- 
line irrigation. Saphenous vein grafts were obtained in 
the usual fashion, using careful handling techniques. 
Distal anastomoses were completed initially; proxi- 
mal anastomoses were subsequently performed with the 


TABLE | Baseline Patient Characteristics 


PTCA 
(n) 


Patients 

Age (yr) 

Men/women 

Prior MI 

EF (%) 

Patients with EF <30% 
2-vessel disease 
3-vessel disease 


143 (9476) 
9 (676) 


43 (3296) 
91 (68%) 


Narrowings 
Dilated 


*Two patients had 7 and 1 had 9 narrowings dilated and are included here. 

Number of dilated narrowings/grafts p < 0.001 PTCA vs CABG. 

CABG = coronary artery bypass grafting; EF = ejection fraction; MI = myocardial 
infarction; NS = not significant; PTCA = percutaneous transluminal coronary angioplasty. 





heart reperfused. Complete revascularization was per- 
formed whenever possible. The left internal mammary 
artery was used whenever possible as a primary conduit 
for left anterior descending or diagonal branch bypass- 
es, or both, and was used in 75% of cases. 

Statistics: Statistical analysis included standard cal- 
culation of means with standard deviations as well as 
comparison of groups using Student’s ¢ test for continu- 
ous variables and chi-square analysis for discrete vari- 
ables. Survival analysis was performed using the Kap- 
lan-Meier technique with intergroup comparison of sur- 
vival by log-rank test. A p value <0.05 was considered 
significant. 


RESULTS 

Baseline characteristics of the patient groups are 
compared in Table I. The surgical group had a signifi- 
cantly lower ejection fraction than the patients who un- 
derwent angioplasty. Age and sex distribution as well as 
occurrence of prior myocardial infarction were similar. 
The surgical group received a larger number of bypass- 
es per patient (3.9 per patient) compared with lesions 
dilated in the angioplasty group (3.7 per patient). The 
difference in the number of intervention sites was statis- 
tically significant (p <0.05). The proportion of 3- versus 
2-vessel disease was significantly higher in the CABG 
group than in the PTCA patients (p <0.001). To ex- 
clude the possibility that a limited number of patients 
with extremely low ejection fractions biased the surgical 
group, the number of patients receiving either treatment 
method who had ejection fractions <30% were com- 
pared. In the angioplasty group, 13 patients (8%) had 
ejection fractions £30%, while in the CABG group 17 
patients (13%) met this criteria. This difference was not 
statistically significant. Angioplasty success was 95%. 

The diseased artery distribution for each of the 2 
groups is presented in Table II. Excluding patients with 
significant left main coronary artery disease who were 
almost totally concentrated in the bypass surgery group, 
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| TABLE Il. Artery Distribution 


Left anterior descending 

Right coronary artery 

Circumflex 

Obtuse marginal 

Diagonal 

Intermediate 

First septal perforator 

Left main 

Posterior descending/ 20 
posterior left ventricular 
Total 466 

Major Vessel Distributions 


Left anterior descending + 164 
diagonal + first septal 
perforator 

Right coronary artery + 133 
posterior descending/ posterior 
left ventricular 

Circumflex + obtuse marginal + 
intermediate 

p — not significant for differences between PTCA versus CABG by either grouping 


method (left main artery excluded in comparisons). 
Abbreviations as in Table |. 


there was no significant difference in the artery distri- 
bution when any of the primary arteries (left anterior 
descending, circumflex, right coronary) and their pri- 
mary branches (diagonal, obtuse marginal, intermediate 
first septal perforator, posterior descending/posterior 
left ventricular) were individually considered or grouped 
according to major artery. 

Table III presents the long-term outcome of each 
group of patients. Mean follow-up for the angioplasty 
group was 110 weeks and for the surgical group was 
134 weeks. The occurrence of death and myocardial in- 
farction was similar when the 2 groups were compared. 
All other cardiac end points, including need for repeat 
intervention (either PTCA or CABG) or cardiac cathe- 
terization, were more common in the angioplasty group. 
Table IV outlines the clinical course of the 74 patients 


PERCENT RE-CATH 


TABLE Ill Outcome 


No. of patients 

Mean follow-up (weeks) 
Death 
Coronary artery bypass 

grafting 

Myocardial infarction 
Cardiac catheterization 
PTCA 


PTCA 
(n) 


152 
110 + 87 
15 (10%) 
36 (23%) 


6 (4%) 
74 (49%) 
46 (30%) 


CABG 
(n) 


134 
134 + 64 
18 (14%) 

2 (2%) 


3 (2%) 
13 (10%) 
3 (2%) 


p Value 


NS 
<0.001 


NS 
<0.001 
<0.001 





Abbreviations as in Table |. 


Repeat Medical 
Restenosis PTCA CABG Treatment 
(n) (n) (n) (n) 


Restudy 1 74 (49%) 57 
2 26(17%) 22 
S 8 (5%) 3 
4 4 (3%) 3 1 


Abbreviations as in Table |. 


in the angioplasty group who required repeat catheter- 
ization. Documented restenosis of 1 or more dilation 
sites was seen in 38% of patients at a mean of 31 weeks 
after initial PTCA. Documented restenosis of individual 
lesions was 24%, Figure 1 shows the proportion of 
PTCA patients undergoing | or more repeat catheter- 
izations. Figure 2 shows the therapeutic approach taken 
for the PTCA after the first and second repeat studies. 

In the CABG group 87% of surviving patients were 
angina-free and 84% had negative treadmill test results 
by the time of final clinical follow-up, whereas these 
findings were seen in only 78 and 73% of PTCA pa- 
tients, respectively (p <0.02 for a significant difference 
in these indicators of recurrent ischemia between the 2 
groups), despite the higher number of repeat interven- 
ing procedures in the PTCA group. 


FIGURE 1. Percentage of patients who 
underwent percutaneous transluminal cor- 
onary angioplasty (PTCA) and had 1, 2, 3 
or 4 repeat catheterizations (RE-CATH) 
during follow-up. 


RESTUDY 


PTCA GROUP 
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Figure 3 shows the cumulative survival of the PTCA 
and CABG groups. Neither l-year (92% PTCA, 91% 
CABG) nor 2-year (91% PTCA, 90% CABG) mortali- 
ty was significantly different between the groups. Fig- 
ure 4 demonstrates cumulative event-free survival for 
the PTCA and CABG groups (p <0.001) (events = 
CABG, PTCA, myocardial infarction, death). Figure 5 
is a comparison of event-free survival when PTCA is 
excluded as an end point (i.e., events = CABG, myocar- 
dial infarction, death), with more events again seen in 
the PTCA group (p <0.002). Neither 1- nor 2-year sur- 
vival was significantly different when patients were 
compared by sex (Figure 6), although women had 
slightly higher mortality with each technique. Age sig- 


Repeat PTCA 40 | 


FIGURE 2. Therapeutic approach for per- 
cutaneous transluminal coronary angio- 
plasty (PTCA) patients after first and sec- 
ond restudies. CABG - coronary artery 


CABG 13 
bypass grafting. 


18% 


RES TUDY 1 


nificantly affected survival, with patients aged 260 
years having higher mortality rates with both tech- 
niques at both 1 and 2 years of follow-up (Figure 7). 


DISCUSSION 

Several major trials are underway to study the rela- 
tive benefits of CABG versus PTCA in a randomized 
controlled fashion.'>:!8 Pending the results of these tri- 
als, we believe that examination of our data regarding 
outcome of patients treated by each technique will as- 
sist clinicians in their therapeutic decision-making. Al- 
though patients in this study were not prospectively ran- 
domized, examination of their characteristics suggests 
many similarities in the 2 patient groups, with a some- 


Repeat PTCA 10 


Medical 7 
2795 


Medical 21 
28% 


PEO PORT 2 


Patients remaining 


FIGURE 3. Cumulative survival for pa- 
tients undergoing percutaneous translu- 
minal coronary angioplasty (PTCA) and 
coronary artery bypass grafting (CABG) 
by Kaplan-Meier product limit estimates. 
NS = not significant. 
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FIGURE 4. Cumulative event-free survival 
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what higher risk for patients undergoing bypass surgery. 
This is demonstrated by the fact that patients who un- 
derwent CABG had a lower ejection fraction as well as 
more extensive multivessel disease. 

Thus, our study results would be expected to demon- 
strate a bias toward better outcome in the patients who 


do % SURVIVAL WITHOUT DEATH, CABG, OR MI 
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received PTCA. In actuality, the patients who under 
went bypass surgery had a lower occurrence of tota 
cardiac events, both as a whole and for several individu- 
al outcomes. 

There is no question that angioplasty has multiple 
attractive elements, including a short procedure time 


FIGURE 5. Cumulative survival without 
coronary artery bypass grafting (CABG) 
or myocardial infarction (MI) for PTCA 
and CABG patients by Kaplan-Meier 
product limit estimates. Note the differ- 
ence between this Figure and Figure 

4 — exclusion of PTCA as an end point 


event. 


1400 1600 


FIGURE 6. Survival curves by sex for per- 
cutaneous transluminal coronary angio- 
plasty (PTCA) and coronary artery bypass 
grafting (CABG) patients. NS — not signifi- 
cant. 
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FIGURE 7. Survival curves by age for per- 
cutaneous transluminal coronary angio- 
plasty (PTCA) and coronary artery bypass 
grafting (CABG) patients. 
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the need for only local anesthesia, a short recovery peri- 
od, brief initial hospital stay and less physical disfigure- 
ment. However, our data would suggest that for impor- 
tant cardiac end points, CABG for multivessel disease, 
which routinely uses left internal mammary artery by- 
pass grafts, is a superior intervention when compared 
with multivessel angioplasty. Proposed financial savings 
attributable to angioplasty may also be obviated by the 
need for a greater number of repeat studies and inter- 
ventions in follow-up. The results of our study require 
confirmation by the randomized controlled prospective 
trials in progress, but until the findings of these studies 
are available, caution should be exercised in the wide- 
spread application of multivessel angioplasty. 
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Wiktor Stent Implantation in Patients with 
Restenosis Following Balloon Angioplasty of a 
Native Coronary Artery 
Peter P. de Jaegere, MD, Patrick W. Serruys, MD, Michel Bertrand, MD, 


Volker Wiegand, MD, Gisbert Kober, MD, Jean Francois Marquis, MD, 
Bernard Valeix, MD, Rainer Uebis, MD, and Jan Piessens, MD 





Intracoronary stenting has been introduced as an 
adjunct to balloon angioplasty aimed at overcom- 
ing its limitations, namely acute vessel closure and 
late restenosis. This study reports the first experi- 
ence with the Wiktor™ stent implanted in the first 
50 consecutive patients. All patients had resteno- 
sis of a native coronary artery lesion after prior 
balloon angioplasty. The target coronary artery 
was the left anterior descending artery in 26 pa- 
tients, the circumflex artery in 7 patients and the 
right coronary artery in 17 patients. The implan- 
tation success rate was 98% (49 of 50 patients). 
There were no procedural deaths. Acute or sub- 
acute thrombotic stent occlusion occurred in 5 pa- 
tients (10%). All 5 patients sustained a nonfatal 
acute myocardial infarction. Four of these patients 
underwent recanalization by means of balloon an- 
gioplasty; the remaining patient was referred for 
bypass surgery. A major bleeding complication oc- 
curred in 11 patients (22%): groin bleeding neces- 
sitating blood transfusion in 6, gastrointestinal 
bleeding in 3 and hematuria in 2. Repeat angiog- 
raphy was performed at a mean of 5.6 + 1.1 
months in all but 1 patient undergoing implanta- 
tion. Restenosis, defined by a reduction of » 0.72 
mm in the minimal luminal diameter or a change in 
diameter stenosis from < to >50%, occurred in 
20 (45%) and 13 (29%) patients, respectively. In 
this first experience, the easiness and high techni- 
cal success rate of Wiktor stent implantation are 
overshadowed by a high incidence of subacute 
stent occlusion and bleeding complications. Al- 
though direct comparison with balloon angioplasty 
regarding the incidence of subsequent restenosis 
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rate is not possible, the experience reported in 
this study compares favorably with data reported 
in other published reports. 

(Am J Cardiol 1992;69:598-602) 


gioplasty (PTCA) has established its role as a 

nonsurgical revascularization procedure in select- 
ed patients with obstructive coronary artery disease. 
Gained operator experience and improved catheter 
technology has resulted in a high immediate success 
rate and a low incidence of complications.! These favor- 
able initial results are compromised by the unpredict- 
able problem of late restenosis, occurring in 20 to 40% 
of the patients after successful PTCA.?-? Furthermore, 
there is some evidence that the recurrence of subsequent 
restenosis after repeat PTCA increases with the number 
of repeat interventions.°° Intracoronary stents are one 
of the new technologies that (along with pharmacologic 
interventions, atherectomy and laser techniques) have 
entered clinical testing to address this problem.!? Re- 
cently, the first experience with the self-expandable 
Wallstent® and the balloon expandable Palmaz-Schatz® 
stent have been reported.!!? The stent used in this 
study is the Medtronic Wiktor™ stent which, in contrast 
to the Wallstent and the Palmaz-Schatz stent, is not a 
mesh-made stainless steel device but a coil-like prosthe- 
sis made of a single loose interdigitating tantalum wire 
formed into a sinusoidal wave and configured as a helix. 
This loose configuration may offer less scaffolding prop- 
erties compared with the other 2 stents. Therefore, the 
purpose of this study was to assess the immediate and 
long-term clinical and angiographic results following 
Wiktor stent implantation in the first 50 consecutive pa- 
tients with restenosis following balloon angioplasty of a 
native coronary artery lesion. 


P ercutaneous transluminal coronary balloon an- 


METHODS 

Patients: The study group consisted of the first 50 
consecutive patients in whom a single Wiktor stent im- 
plantation was attempted (Table I). All patients had re- 
currence of angina with objective evidence of ischemia 
due to restenosis of a native coronary artery lesion fol- 
lowing PTCA. A first restenosis was documented in 33 
patients, a second restenosis in 13 patients and a third in 
4 patients. The dilated and stented coronary artery was 
the left anterior descending artery in 26 patients (52%), 
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the circumflex artery in 7 patients (14%) and the right 
coronary artery in 17 patients (34%). A written in- 
formed consent was required for every patient. The 
study protocol was approved by the ethics committee of 
the individual hospitals. The stents used in this study 
are shown in Figures 1 and 2. They are described in 
detail elsewhere as well as the drug protocol associated 
with stent implantation.'!-! The angiograms were ana- 
lyzed using automated edge-detection as previously de- 
scribed. !4:!° 

End points: Primary clinical end points were death, 
myocardial infarction, bypass surgery or repeat inter- 
vention and bleeding complications. All deaths were 
considered cardiac, unless an unequivocal noncardiac 
cause could be established. The primary angiographic 
end point was the change in minimal luminal diameter 
at the dilated and stented segment at 6 months relative 
to the baseline. If a revascularization procedure involv- 
ing the stented segment had been performed before 6 
months repeat angiography, the last angiogram before 
this intervention was used to obtain follow-up values, 
irrespective of the timing of repeat PTCA (hours, days 
or weeks). The secondary angiographic end point was 
the incidence of restenosis defined according to the fol- 
lowing criteria: First, a continuous approach was used in 
which restenosis was defined by a reduction of =0.72 
mm in the minimal luminal diameter at follow-up. This 
change in minimal luminal diameter has been found to 
be a reliable indicator of angiographic progression of 
vessel narrowing. This value takes into account the limi- 
tations of coronary angiographic measurements and 
represents twice the long-term variability of repeat mea- 
surements of a coronary artery obstruction with the 
Cardiovascular Angiographic Analysis System.!? Sec- 
ond, a categorical approach was used in which an in- 
crease in diameter stenosis of <50% immediately after 
stent implantation to 25046 at follow-up was used as a 
cutoff point to define restenosis. This criterion was se- 
lected since common clinical practice has continued to 
express lesion severity as a percentage of stenosis. 

Statistics: Values obtained by quantitative angio- 
graphic analysis are expressed as mean + SD. The 
means for each angiographic variable before PTCA, af- 
ter PTCA, immediately after stent implantation and at 
follow-up were compared by analysis of variance. If sig- 
nificant differences were found, 2-tailed t tests were ap- 
plied to paired data. A statistical probability of <0.05 
was considered significant. In the patient with the miss- 


FIGURE 1. Medtronic Wiktor stent mounted on a conventional 


polyethylene balloon when deflated (top panel) and inflated 
(bottom panel). 





No. of patients 

Age (mean + SD, yrs) 
Men 

Functional class* 


Systemic hypertension 
Cholesterol > 200 mg % 
Cigarette smokers 
Diabetes mellitust 


*According to Canadian Cardiovascular Society. 
TAII non—insulin-dependent. 


ing follow-up angiogram and no clinical evidence of re- 
stenosis, imputation of the minimal luminal diameter at 
follow-up was performed: the minimal luminal diameter 
at follow-up of this patient was calculated by subtract- 
ing the mean change of the minimal luminal diameter 
of the entire study population from the value of the 
minimal luminal diameter immediately after stent im- 
plantation of this particular patient. 





RESULTS 

Clinical results: The implantation success rate was 
98% (49 of 50 attempted implants). In 1 patient, the 
stent could not be delivered at the target site due to the 
inability to cross a tortuous proximal right coronary ar- 
tery. There were no procedural related deaths. How- 
ever, subacute thrombotic stent occlusion occurred in 5 
patients (10%) while still in the hospital. The occur- 
rence to this thrombotic event with respect to the im- 
plantation was as follows: day 0 = 1 patient, day 1 = 1 


i s DIAMETER BALLOON (mm) 


298 +0.44| ^ 






2.88 + 0.43 


4.5 








2.5 3 3.5 4 
DIAMETER STENT (mm) 


FIGURE 2. Difference between the mean diameter of the bal- 
loon when fully inflated and stented segment immediately af- 
ter implantation. 





INTRACORONARY STENTING FOR RESTENOSIS 599 


Minimal luminal diameter 1.09 + 0.26 1.80 + 0.32 


(mm) 


Diameter stenosis (%) 61+9 34+11 


p < 0.00001 


All parameters are expressed as mean + SD. 
PTCA = percutaneous transluminal coronary angioplasty. 


patient, day 4 = 1 patient, and day 5 = 2 patients. Four 
patients underwent recanalization by means of conven- 
tional balloon angioplasty. In 1 of these patients adjunc- 
tive thrombolytic therapy was used. In the remaining 
patient, repeat PTCA was not attempted because retro- 
spective analysis of the implantation angiogram re- 
vealed incomplete stent expansion. This patient was re- 
ferred for emergency bypass surgery. All 5 patients sus- 
tained a nonfatal acute myocardial infarction (mean + 
SD, creatine phosphokinase 1,797 + 1,849 U/liter). A 
major bleeding complication occurred in 11 patients 
(22%): 6 patients sustained a groin hematoma necessi- 
tating blood transfusion, 3 patients had a gastrointesti- 
nal bleeding (2 duodenal ulcers, 1 intestinal polyps) and 
2 patients had hematuria. One patient had an infected 
pharyngeal hematoma caused by acenocoumarol thera- 
py at 3 months after implant. 

During follow-up, 1 patient died 3 months after stent 
implantation following prostate surgery. This patient 
had a history of bypass surgery, mitral valve replace- 
ment and multiple PTCA’s. Because of severe disabling 
heart failure, he was screened for heart transplantation. 
During this period, a prostate adenoma was found and 
surgically removed. The second day after surgery, he 
died because of heart failure. Although necropsy was 
not performed, death was not considered stent-related 
because there was no clinical evidence of restenosis. No 
patient sustained an acute myocardial infarction. Three 
patients (6%) underwent bypass surgery (2 patients 3.5 


2.5 


—- -PRE PTCA 
— POST STENT 


p « 0.001 





—9— POST PTCA 
—— FOLLOW-UP 





At Follow-Up 


Pts. Without 
Subacute 
Occlusion 
(n = 44) 


After Stent 
Implantation 


All Pts. 
(n = 49) 


2.45 + 0.35 1.59 + 0.79 1.78 + 0.60 


18 +7 45 £25 
p « 0.00001 
p « 0.00001 


39 + 18 


months and 1 patient 6 months after the stent implanta- 
tion). There was a significant improvement in function- 
al class at 6-month follow-up. Before stent implantation, 
10 patients were in class I, 6 in class II, 14 in class III 
and 20 in class IV, according to the Canadian Cardio- 
vascular Society. At follow-up, 34 patients were in class 
I, 9 in class II, 4 in class III and 3 in class IV. 

Angiographic results: Wiktor stent implantation re- 
sulted in a further significant increase in minimal lumi- 
nal diameter, from 1.80 + 0.32 mm immediately fol- 
lowing balloon angioplasty to 2.45 + 0.35 mm immedi- 
ately after stent implantation. This was associated with 
a reduction in diameter stenosis from 34 + 11 to 18 + 
7% (Table II). There was no change in the reference 
diameter before and after PTCA (2.81 + 0.48 and 2.80 
+ 0.48 mm, respectively, p = not significant). However, 
there was a significant increase after stent implantation 
(2.98 + 0.42 mm, p <0.00001), which was confirmed at 
follow-up (2.91 + 0.55 mm). In most patients the mea- 
sured diameter of the balloon when fully inflated was 
higher than the measured diameter of the stent (Figure 
2). During maximal inflation the mean diameter of the 
balloon for the total study group was 2.98 + 0.44 mm. 
The mean diameter of the stented segment immediately 
after implantation was 2.88 + 0.43 mm. This implies a 
recoil of 0.10 + 0.36 mm (p «0.03). 

Repeat angiography was performed in all patients 
with successful stent implantation (49 patients), except 
in 1, who died 3 months after stent implantation follow- 


FIGURE 3. Cumulative distribution of the 
minimal luminal diameter (MLD) of the en- 


implantation and at follow-up. PTCA - 
percutaneous transluminal coronary angi- 
oplasty. 

3 3.5 


MLD (mm) 
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ing prostate surgery. There was no clinical evidence of 
restenosis in this patient. The mean time interval be- 
tween stent implantation and control study was 5.6 + 
1.1 months. Overall, the minimal luminal diameter was 
found to have decreased from 2.45 + 0.35 to 1.59 + 
0.79 mm (p «0.00001). The percentage of stenosis had 
increased from 18 + 7 to 45 + 25% (p «0.0001, Table 
ID). When only patients without clinical evidence of sub- 
acute vessel closure during hospital stay (44 patients) 
were included, the minimal luminal diameter and per- 
centage of stenosis were 1.78 + 0.60 mm and 39 + 
18%, respectively (Table IT). Figure 3 displays the cu- 
mulative distribution of the minimal luminal diameter 
and its changes (immediately after balloon angioplasty 
and stent implantation and at follow-up). The addition- 
al increase in minimal luminal diameter immediately 
after stent implantation is lost at follow-up. 

The incidence of restenosis depended on the defini- 
tion used. When a change of 20.72 mm in minimal 
luminal diameter was used as the criterion, restenosis 
was observed within the stent in 19 patients (43%) and 
in the segment immediately distal to the stent in 1 (296) 
of the 44 patients without clinical evidence of subacute 
stent occlusion during hospital stay. Of these 44 pa- 
tients, the percentage of stenosis at follow-up had in- 
creased to 250% within the stent in 12 (27%) and in the 
segment distal to the stent in 1 (296). Therefore, the 
total restenosis rate was 45% according to the 0.72 mm 
criterion and 29% according to the 50% diameter steno- 
sis criterion (Figure 4). 


DISCUSSION 

Clinical results: Intracoronary stents are currently 
being tested in clinical practice to reduce the incidence 
of acute vessel occlusion and restenosis following bal- 
loon angioplasty. Several stents are available, each with 
its own specific design, composition and physicochemi- 
cal behavior once implanted. Implanting foreign body 
material implies an increased risk for acute thrombosis. 
Therefore, a stringent anticoagulation protocol is man- 
datory. Despite the protocol previously described, a 
thrombotic subacute stent occlusion occurred in 5 pa- 
tients (10%). Three of these patients did not receive 
dextran and 1 patient was not properly treated with 
acenocoumarol. Of the 44 patients without clinical evi- 
dence of subacute stent occlusion during hospital stay, 
only 6 (14%) did not receive dextran. Unfortunately, 
since central assessment of anticoagulation was not per- 
formed, the exact role of the failure of anticoagulation 
with respect to subacute thrombotic stent occlusion can- 
not be elucidated. Although it is tempting to speculate 
that suboptimal anticoagulation may be the main cause 
of stent occlusion, other pathophysiologic mechanisms 
also may be involved. Before stent implantation, balloon 
angioplasty is performed to facilitate stent delivery. The 
disruptive action of the balloon may cause intimal dis- 
section, which in turn may be the primary cause of an 
ensuing thrombotic event. Furthermore, patients’ relat- 
ed factors such as acute ischemic syndromes, procedure- 
related factors such as technical difficult stent implanta- 
tion and angiographic related factors such as small 
vessel size and total occlusion may predispose to throm- 


Jy 


botic stent occlusion. In this study group, no difference 
in vessel size was seen in patients with and without sub- 
acute stent occlusion (reference diameter 2.8 + 0.4 and 
2.8 + 0.5 mm, respectively (p = not significant). The 
reported subacute stent occlusion rate compares very fa- 
vorably with the initial Wallstent experience (20% in 
105 patients), but is similar to the subacute occlusion 
rate following the extended Wallstent experience (1296 
in an additional 160 patients).!!:!© However, it contrasts 
sharply with the incidence of 0.696 following Palmaz- 
Schatz stent implantation. True comparison is not 
possible because the studies differ in methods for pa- 
tient selection, indication for stent implantation and 
type of vessel stented. Furthermore, the very low inci- 
dence of 0.6% reported by Schatz, has not been con- 
firmed by a recent study, using the same device.!" In 
this latter study, an incidence of 1696 is reported. Proba- 
bly, the incidence of subacute stent occlusion may be 
reduced by a more detailed coagulation monitoring. In- 
deed, recent work indicates that measurement of pro- 
thrombin fragment 1 + 2 and its changes after stent 
implantation may be predictive for subacute thrombotic 
stent occlusion.!® 

Another matter of concern is the risk of bleeding, 
inherently associated with aggressive anticoagulation. 
The incidence of bleeding is negligible after PTCA but 
is substantial when a combination of intravenous and 
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FIGURE 4. Changes in the minimal luminal diameter (MLD) at 
follow-up (F/U) after Wiktor stent implantation in native coro- 
nary arteries. The diameter of each segment immediately after 
stent implantation is plotted against the diameter at follow-up. 
The lines on each side of the line of identity (diagonal) repre- 
sent twice the variability (95% confidence interval) of dupli- 
cate measurements (a change of 20.72 mm). Of the 49 pa- 
tients, 5 (10%) sustained a subacute stent occlusion (OCCL.) 
(X-axis). In the remaining 44 patients, restenosis was ob- 
served in 20 patients (45%) according to the 0.72 mm criteri- 
on and in 13 patients (29%) according to the 50% diameter 
stenosis (DS) criterion. 
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oral anticoagulant drugs are administered.!? The most 
serious bleeding complication is intracranial hemor- 
rhage, which occurred in 1 of 174 patients following 
Palmaz-Schatz stent implantation and in 3 of 265 pa- 
tients following Wallstent implantation.!?!6 Another as- 
pect to be considered regarding anticoagulation is the 
longer period of hospitalization, which in turn increases 
the overall costs of the procedure.!? In this study, the 
hospital stay was (mean + SD) 11.8 + 7.4 days for the 
entire study population. 

Angiographic results: The smaller mean diameter of 
the stented segment (2.88 + 0.43 mm) compared with 
the measured diameter of the fully expanded balloon 
(2.98 + 0.44 mm) suggests some recoil of the stented 
segment. This minimal recoil appears to be a true phe- 
nomenon since the accuracy and the precision of the 
quantitative coronary angiography system used in this 
study is —30 and 90 y, respectively.'? Furthermore, re- 
coil has also been observed, although to a larger extent, 
after Wiktor stent implantation in Yorkshire pigs.” The 
more pronounced recoil (10%) observed in the animal 
model compared with recoil observed in this study (3%) 
may be explained by the fact that in the former animal 
study the stent was implanted in normal coronary arter- 
ies. All these angiographic data indicate that in contrast 
to balloon angioplasty, where recoil amounting to 50% 
has been documented, the Wiktor stent appropriately 
scaffolds the vessel.?! 

Restenosis and recurrence of restenosis remains the 
major limitation of (repeat) PTCA. Whether intracoro- 
nary stents can address this issue appropriately is still 
unknown. There are some encouraging data from pre- 
liminary reports.?22?? However, firm conclusions cannot 
be drawn, since these data stem from nonrandomized 
studies in which single and multiple stent implantations 
have been performed in both native coronary arteries 
and venous bypass grafts have been performed in pa- 
tients with either acute ischemic syndromes or stable 
angina for a variety of indications (primary stent im- 
plantation, restenosis, bail out). Patients undergoing re- 
peat PTCA appear to be at a higher risk for recurrence 
of restenosis after repeat intervention. The angiographic 
documented restenosis rate increases from 34% after a 
second dilatation to 40% after a fourth dilatation.9? 
This is probably an underestimation of the actual inci- 
dence owing to incomplete angiographic follow-up. Re- 
peat angiography is mandatory in all patients, even in 
patients free of angina at follow-up since approximately 
25% of the patients with restenosis are asymptomatic.?^ 
Taking into account the limitations of these nonran- 
domized observational studies, as is done in this study, 
the incidence of 29% restenosis using the 50% diameter 
stenosis criterion compares favorably with data from 
those former studies. Indeed, randomized studies are 
needed to define the exact role of intracoronary stenting 
in the prevention of (recurrent) restenosis. 
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BRIEF SUMMARY 
CARDIZEM® CD (diltiazem hydrochloride) Capsules 

CARDIZEM® SR (diltiazem hydrochloride) Sustained Release Capsules 

CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2) patients with 
second- or third-degree AV block except in the presence of a functioning ventricular pacemaker, (3) patients with hypotension (less than 90 mm Hg 
systolic), (4) patients who have demonstrated hypersensitivity to the drug, and (5) patients with acute myocardial infarction and pulmonary 
congestion documented by X-ray on admission. 

WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods without significantly prolonging sinus node recovery time, except in patients 
with sick sinus syndrome. This effect may rarely result in abnormally slow heart rates (particularly in patients with sick sinus syndrome) or second- or 
third-degree AV block (13 of 3,007 patients or 0.43%). Concomitant use of diltiazem with beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina developed periods of asystole (2 to 5 seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemodynamic studies in humans 
with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects on contractility (dp/dt). An acute study of 
oral diltiazem in patients with impaired ventricular function (ejection fraction 24% + 6%) showed improvement in indices of ventricular function 
without significant decrease in contractile function (dp/dt). Worsening of congestive heart failure has been reported in patients with preexisting 
impairment of ventricular function. Experience with the use of CARDIZEM in combination with beta-blockers in patients with impaired ventricular 
function is limited. Caution should be exercised when using this combination. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally result in symptomatic hypotension. 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and frequently resolved even with continued diltiazem treatment. In rare instances, 
significant elevations in enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena consistent with acute hepatic injury have 
been noted. These reactions tended to occur early after therapy initiation (1 to 8 weeks) and have been reversible upon discontinuation of drug 
therapy. The relationship to CARDIZEM is uncertain in some cases, but probable in some. (See PRECAUTIONS. ) 

PRECAUTIONS 

General. CARDIZEM is extensively metabolized by the liver and excreted by the kidneys and in bile. As with any drug given over prolonged periods, 
laboratory parameters should be monitored at regular intervals. The drug should be used with caution in patients with impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to produce toxicity, high doses of diltiazem were associated with hepatic 
damage. In special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects, caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect cardiac contractility and/or conduction. (See WARNINGS.) 
Pharmacologic studies indicate that there may be additive effects in prolonging AV conduction when using beta- 
blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating patients with multiple medications. CARDIZEM 
undergoes biotransformation by cytochrome P-450 mixed function oxidase. Coadministration of 
CARDIZEM with other agents which follow the same route of biotransformation may result in the 
competitive inhibition of metabolism. Dosages of similarly metabolized drugs such as 
cyclosporin, particularly those of low therapeutic ratio or in patients with renal and/or 
hepatic impairment, may require adjustment when starting or stopping concomitantly 
administered CARDIZEM to maintain optimum therapeutic blood levels. 
Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers is usually well tolerated, = 
but available data are not sufficient to predict the effects of concomitant M. 
treatment in patients with left ventricular dysfunction or cardiac conduction abnormalities. 
Administration of CARDIZEM concomitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of propranolol was increased 
approximately 50%. If combination therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak diltiazem plasma 
levels (58% ) and area-under-the-curve (53%) after a 1-week course of cimetidine at 1,200 mg per day and 
diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The effect may be mediated 43 
by cimetidine's known inhibition of hepatic cytochrome P-450, the enzyme system probably responsible 

for the first-pass metabolism of diltiazem. Patients currently receiving diltiazem therapy should be carefully 
monitored for a change in pharmacological effect when initiating and discontinuing therapy with 
cimetidine. An adjustment in the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male subjects increased plasma digoxin 
concentrations approximately 20%. Another investigator found no increase in digoxin levels in 12 patients 
with coronary artery disease. Since there have been conflicting results regarding the effect of digoxin levels, 
it is recommended that digoxin levels be monitored when initiating, adjusting, and discontinuing CARDIZEM 
therapy to avoid possible over- or under-digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, conductivity, and automaticity as well as the 
vascular dilation associated with anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats at oral dosage levels of up 
to 100 mg/kg/day, and a 21-month study in mice at oral dosage levels of up to 30 mg/kg/day showed no 
evidence of carcinogenicity. There was also no mutagenic response in vitro or in vivo in mammalian cell 
assays or in vitro in bacteria. No evidence of impaired fertility was observed in a study performed in male 
and female rats at oral dosages of up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies nave been conducted in mice, rats, and rabbits. 
Administration of doses ranging from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/postnatal studies, there 
was an increased incidence of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women 
only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concentrations in breast 
milk may approximate serum levels. If use of CARDIZEM is deemed essential, an altemative method of infant 
feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been established. 
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FOR MILD TO MODERATE HYPERTENSIVE PATIENTS 


Serious adverse reactions have been rare in studies carried out to date, but it should be recogr 
that patients with impaired ventricular function and cardiac conduction abnormalities have u: 
been excluded from these studies. 

The adverse events described below represent events observed in clinical studies of hyperte 
patients receiving either CARDIZEM Tablets or CARDIZEM SR Capsules as well as experie 
observed in studies of angina and during marketing, The most common events in hypertet 
Studies are shown in a table with rates in placebo patients shown for comparison. Less com 
events are listed by body system; these include any adverse reactions seen in angina studies 
were not observed in hypertension studies. In all hypertensive patients taking CARDIZEM Table 
CARDIZEM SR Capsules studied (over 900), the most common adverse events were edema ( 
headache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), flushing (3%), and 
degree AV block (3% ). Only edema and perhaps bradycardia and dizziness were dose related. 

DOUBLE BLIND PLACEBO CONTROLLED HYPERTENSION TRIALS 


ADVERSE DILTIAZEM PLACEBO 
N=315 N=211 
# PTS (% # PTS (% 

Headache 38 (12%) 17 (8%) 
AV Block First Degree 24 (7.6%) 4 (1.9%) 
Dizziness 99 (7%) 6 (2.8%) 
Edema 19 (6%) 9 (0.9%) 
Bradycardia 19 (6%) 3 (1.4%) 
ECG Abnormality 13 (4.1%) 3 (1.4%) 
Asthenia 10 (3.2%) 1 (0.5%) 
Constipation 5 (1.6%) 2 (0.9%) 
Dyspepsia 4 (1.3%) 1 (0.5%) 
Nausea 4 (1.3%) 2 (0.9%) 
Palpitations 4 (1.3%) 2 (0.9%) 
Polyuria 4 (1.3%) 2 (0.9%) 
Somnolence 4 (1.3%) — 
Alk Phos Increase 3 (1%) 1 (0.5%) 
Hypotension 3 (1%) 1 (0.5%) 
Insomnia 3: (195) 1 (0.5%) 
Rash 3 (1%) 1 (0.5%) 
AV Block Second Degree 2 (0.6%) — 


The following table presents the most common adverse reactions reported in placebo-contrc 
trials in patients receiving CARDIZEM CD up to 360 mg with rates in placebo patients showr 
comparison. 


CARDIZEM CD PLACEBO 

ADVERSE REACTION N=324 N=175 
HEADACHE 9.0% 8.0% 
BRADYCARDIA 4.3% 2.3% 
EDEMA 3.7% 2.3% 
DIZZINESS 3.1% 3.4% 
ECG ABNORMALITY 3.1% 2.9% 
AV BLOCK FIRST DEGREE 2.2% — 
ASTHENIA 1.9% 1.7% 





In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR Capsules invol 
over 3000 patients, the most common events (ie, greater than 1%) were edema (4.9%), heada 
(4.9%), dizziness (3.5%), asthenia (2.7%), first-degree AV block (9.995), bradycardia (1.6 
flushing (1.5%), nausea (1.4%), rash (1.3%), and dyspepsia (1.2%), 


In addition, the following events were reported infrequently (less than 1%). 

Cardiovascular: Angina, arrhythmia, AV block (second- or third-degree), bundle branch bk 
congestive heart failure, ECG abnormalities, hypotension, palpitations, synco 
tachycardia, ventricular extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, hallucinations, insom 
nervousness, paresthesia, personality change, somnolence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild elevations of SG 
SGPT, LDH, and alkaline phosphatase (see hepatic wamings), thirst, vomiting, weight increz 

Dermatological: Petechiae, photosensitivity, pruritus, urticaria. 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, hyperglycemia, hyperuricer 
impotence, muscle cramps, nasal congestion, nocturia, osteoarticular pain, polyuria, se 
difficulties. 

The following postmarketing events have been reported infrequently in patients receiv 
CARDIZEM: alopecia, erythema multiforme, exfoliative dermatitis, extrapyramidal symptoms, gine 
hyperplasia, hemolytic anemia, increased bleeding time, leukopenia, purpura, retinopathy, ¿ 
thrombocytopenia. In addition, events such as myocardial infarction have been observed which 
not readily distinguishable from the natural history of the disease in these patients. A number 
well-documented cases of generalized rash, characterized as leukocytoclastic vasculitis, have bx 
reported. However, a definitive cause and effect relationship between these events and CARDIZ 
therapy is yet to be established. 

HOW SUPPLIED 

CARDIZEM® CD (diltiazem hydrochloride) is available as capsules of 180 mg, 240 mg, and 300 m 

bottles of 30 and 90, and in UDIP® packages of 100. 

CARDIZEM® SR (diltiazem hydrochloride) is available as sustained release capsules of 60 mg, 901 

and 120 mg in bottles of 100, and in UDIP® packages of 100. 
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Accuracy of ST/Heart Rate Index in the 
Diagnosis of Coronary Artery Disease 


Anthony P. Morise, MD, and Robert D. Duval, PhD 


The accuracy of ST/heart rate (ST HR) index was 


evaluated in patients presenting for exercise elec- 
trocardiography with suspected coronary disease. 
In all, 420 patients (235 men and 185 women) 
with normal electrocardiograms at rest underwent 
exercise testing, followed within 3 months by cor- 
onary angiography. The sensitivity and specificity 
for standard ST criteria (21 mm horizontal or 
downsloping depression) were 48% (78 of 162) 
and 8196 (208 of 258), respectively. An ST HR-in- 
dex threshold of 1.86 4; V /beat/min had the exact 
same specificity with a sensitivity of 44% (71 of 
162; p = not significant). Consideration of ^ 1.5 
mm upsloping depression had no significant im- 
pact on the aforementioned results. Using multi- 
variate logistic regression analysis, age, sex, 
symptoms, cigarette smoking, diabetes mellitus, 
qualitative ST slope, rate-pressure product, METs 
achieved and exercise angina were evaluated with 
and without ST HR index and ST depression. Ac- 
cording to this analysis, age, sex, symptoms and 
ST slope were good predictors of presence or ab- 
sence of disease. Neither ST HR index nor ST de- 
pression had significance in the multivariate anal- 
ysis. However, when a separate analysis was per- 
formed in men and women, the 2 quantitative ST 
variables showed significance in men, but not in 
women. Comparisons of discriminative accuracy 
using receiver-operating characteristic curves 
demonstrated differences between men and wom- 
en, but no difference between ST HR index and ST 
depression. Therefore, concerning questions of 
coronary disease diagnosis, consideration of ST 
HR index was not better than standard ST crite- 
ria, and added nothing to multivariate analysis of 
other available variables. 

(Am J Cardiol 1992;69:603-606) 
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patient without known coronary disease is gener- 

ally accepted to suggest the presence of coronary 
artery disease.! The accuracy of exercise-induced ST- 
segment depression has been well documented,?? and its 
overall strengths and weaknesses are generally well-ap- 
preciated by the cardiology community.'^ Recent stud- 
ies reported increased accuracy when heart rate adjust- 
ment of the ST segment is performed.?-!? However, this 
improvement in accuracy has not been noted in all stud- 
ies. !^ One of the simplest methods of heart rate ad- 
justment is referred to as ST/heart rate (ST HR) in- 
dex.$?-!? The primary purpose of this study was to com- 
pare the diagnostic accuracies of ST HR index and 
standard ST depression criteria when considered as iso- 
lated variables. As a secondary purpose, we evaluated 
the accuracy of ST HR index and standard ST criteria 
when incorporated into a multivariate format. 


S T-segment depression during an exercise study ina 


METHODS 

Patient population: All patients referred to our 
stress laboratory between 1983 and 1990 were screened. 
Only those referred with the express purpose of evalua- 
tion for the presence or absence of coronary disease 
were considered for this study. Patients could not have 
history of myocardial infarction or coronary angiogra- 
phy, or current digitalis use. Patients who met the afore- 
mentioned criteria and subsequently underwent coro- 
nary angiography within 3 months after stress testing 
were candidates for this study. 

Clinical pretest data: Clinical data were collected 
during the interview before the exercise test by a techni- 
cian. The data were later confirmed by 1 of the investi- 
gators (APM) by medical record review. Data collected 
included the patient's age, sex, symptoms, status con- 
cerning current cigarette smoking, and presence or ab- 
sence of diabetes mellitus. Chest pain was classified ac- 
cording to the 4 categories used by Diamond (i.e., typi- 
cal and atypical angina, nonanginal chest pain and 
asymptomatic).'> All electrocardiograms at rest of the 
patients included in this study were normal, with no sig- 
nificant displacement of the ST segment (0.08 second 
from the J point when compared with the baseline be- 
tween 2 PR segments for 73 cycles). Patients receiving 
B blockers at the time of the exercise study were not 
excluded. 

Exercise tests: For the purposes of this study, the 
following data were collected during the exercise test: 
peak exercise heart rate and systolic blood pressure (by 
manual arm cuff sphygmomanometer), ST-segment de- 
pression, qualitative (visually determined) ST-segment 
slope (this is not ST/heart rate slope) categorized as 
upsloping, horizontal or downsloping in nature, peak 
METs achieved and exercise-induced angina. Twelve 
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Number 
Age (yr) 
Symptoms 
Typical 
Atypical 
NACP 
No pain 
Diabetes 
BB usage 
Rest HR 
Positive ST 


ST depression 
ST HR index 
HR-BP product 


METs 


Exercise angina 


CAD 


*p «0.01; tp < 0.001. 
BB = f blocker at time of stress test; BP = blood pressure; CAD = coronary artery 


All (76) 


420 
54 2:11 
2.9 + 0.8 
107 (25) 
176 (42) 
121 (29) 

16 (4) 

76 (18) 

82 (20) 
84+ 15 
151 (36) 
0.7 + 0.8 
1:35 1:8 
24-6 

7 383 
180 (43) 
162 (39) 


TABLE I Clinical and Exercise Data by Sex 


Men (96) 


235 
53 + 12 
2.9 * 0.9 
61-(26) 

94 (40) 
69 (29) 
11 (5) 
40 (17) 
52 (22) 
82 + 15* 
91 (39) 
0.8 + 0.9 
1:3 1:6 
24-6 
8 + 3t 
100 (43) 
105 (45)* 


Women (95) 


185 
54 * 11 
2.9 + 0.8 
46 (25) 
82 (44) 
52 (28) 

5 (3) 
36 (19) 
31 (17) 
87 +15 
60 (32) 
0.7 - 0.8 
L322 7 
24+5 

6+2 
80 (43) 
57 (31) 


disease; HR = heart rate; NACP = nonanginal chest pain. 


leads were available for evaluation, but 3 principal leads 
were used (leads II, aVf and V;). Exercise-related ST- 
segment changes were visually measured 0.08 second 
after the J point and compared with the baseline be- 
tween 2 PR segments. The lead with the most signifi- 
cant depression was chosen for our measurements. ST 
depression noted most prominently in the period after 
exercise was also considered. All studies were read with- 
out knowledge of the historical or angiographic data. 
Positive ST-segment criteria consisted of the traditional 
categorical criteria used in practice today (i.e., 21 mm 
horizontal or downsloping ST depression 0.08 second 
after the J point for 3 consecutive cycles).! If the ST 
segments were upsloping, then =1.5 mm were necessary 
for positivity. 

ST HR index was calculated by the following for- 
mula®: 

ST depression during stress x 100 


heart rate at exercise — heart rate at rest 


Coronary angiography: Angiograms were read by 2 
cardiologists without knowledge of the exercise test 
data. Differences were resolved by consensus. Coronary 
artery disease was defined as the presence of >1 vessel 
with 250% diameter narrowing. 

and specificity: For both ST HR index 
and ST depression, sensitivity and specificity were cal- 
culated at appropriate categorical cutpoints using stan- 
dard formulas. Proportional comparisons were obtained 
using McNemar's test. P values 70.05 were considered 
not significant. 

Bi- and multivariate analyses: logistic regression 
analysis was performed using NCSS software (Version 
5.3, 1988) and an IBM PS/2. The 5 previously men- 
tioned pretest and 6 test variables were subjected to 
both bi- and multivariate analyses. Multivariate analy- 
sis consisted of 3 groupings of variables: (1) 9 variables 
without ST HR index or ST depression, (2) 10 with ST 
HR index, and (3) 10 with ST depression. Similar re- 
gression analyses were performed in men and women 
separately. Logistic regression analysis for each variable 





TABLE II Logistic Regression Analysis Results With and 
Without Quantitative ST-Segment Variables 


MVA 4- ST MVA + ST 
Bivariate MVA Depression HR Index 


Age (yr) 43.4* 29.1* 23 X^ 
Sex 

Symptoms 

Smoking 

Diabetes 

Exercise angina 
HR-BP product 
METs 

ST slope 

ST depression 

ST HR index 

*p «0.001; tp « 0.01. 


Significant testing used chi-square goodness-of-fit. 
MVA = multivariate analysis; other abbreviations as in Table I. 





and group of variables generated for each patient a 
probability of coronary disease presence. These proba- 
bilities were the data subjected to further analysis. 

To evaluate discrimination, receiver-operating char- 
acteristic curves were generated from the post-test prob- 
abilities using the methods of Hanley and McNeil.! 
The Wilcoxon statistic (which represents the area under 
the receiver-operating curve) was derived and compared 
with other curve areas." To evaluate calibration, visual 
comparisons were obtained by plotting deciles of post- 
test probability (x axis) versus actual disease prevalence 
(y axis). 


RESULTS 

Population: Table I lists the clinical characteristics 
of the 420 patients, as well as of the 2 subgroups deter- 
mined by sex. Most patients underwent the Bruce tread- 
mill protocol (379 of 420 [90%]). The remaining pa- 
tients underwent the Naughton treadmill (30 [7%]) or 
an arm ergometer protocol (11 [3%]). Of 162 patients 
with coronary disease, the numbers of vessels involved 
were as follows: single, 56 (35%); double, 44 (27%); tri- 
ple, 54 (33%); and left main, 8 (5%). 

Sensitivity and specificity: The sensitivity and speci- 
ficity for the discrete threshold of 21 mm horizontal or 
downsloping ST-depression were 48% (78 of 162) and 
81% (208 of 258), respectively. We then considered the 
ST HR-index threshold of 1.86 «V/beat/min that had 
equivalent specificity and found that the sensitivity was 
44% (71 of 162; p = not significant [NS]). When 21.5 
mm upsloping depression was also considered abnormal, 
the sensitivity and specificity were 5296 (85 of 162) and 
74% (192 of 258), respectively. The comparable equi- 
specific ST HR-index threshold of 1.58 uV/beat/min 
had a sensitivity of 5296 (85 of 162; p 2 NS). Confirma- 
tion of this lack of significant difference was obtained 
by generating receiver-operating characteristic curves 
for these 2 variables with their resulting areas: ST 
0.65 (SE 0.028) and ST HR index 0.66 (SE 0.028) 
(p = NS). 

Logistic regression analysis: Logistic regression 
analysis results (chi-square) are shown in Table II. Bi- 
variate analysis revealed that all variables evaluated ex- 
cept 2 were good predictors of disease presence. All 3 
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FIGURE 1. Probability results derived 
from multivariate algorithm (MVA) with 
and without addition of ST depression or 
ST /heart rate (ST HR) index were used to 
generate curves. Two curves for men and 
women incorporate data from multivariate 
algorithm without either of 2 quantitative 
ST variables. Areas + SE for 5 curves are 
also shown. See text for further discus- 
sion. 
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ST variables were equally good predictors. However, 
when multivariate analysis was used, many of the vari- 
ables lost significance, including ST depression and ST 
HR index. ST slope remained the sole exercise variable 
that was predictive of disease presence. 

To further investigate why the quantitative ST vari- 
ables did not demonstrate a significant multivariate cor- 
relation, we performed the same analysis separately in 
men and women. We found that age, symptoms and 
qualitative ST slope continued to be good predictors for 
each sex. However, diabetes mellitus, ST depression and 
ST HR index demonstrated significance (p <0.05) only 
in men. 

Probabilities generated from the 3 different multi- 
variate analyses were compared by receiver-operating 
characteristic curve analysis. Inspection of several of 
these curves in Figure 1 indicates that both qualitatively 
and quantitatively the 3 curves pertaining to all patients 
are not different. The 2 curves shown for men and wom- 
en were generated from separate multivariate algo- 
rithms for each sex without consideration of the ST de- 
pression or the ST HR index. The addition of the 2 ST 
variables to the respective algorithms (in the same man- 
ner as with the entire group) produced no significant 
change in the curve appearance (not shown) or area 
(with ST depression: men 0.843 and women 0.770; with 
ST HR index: men 0.844 and women 0.769; men vs 
women, p «0.01). From this analysis, we conclude that 
(1) there is no difference between the ST-depression 
and ST HR-index variables, (2) neither ST variable 
adds any additional incremental discrimination to the 9- 
variable multivariate algorithm, and (3) multivariate 
analysis has significantly higher discrimination in men 
than in women. 

Calibration results are shown in Figure 2 and dem- 
onstrate that when either quantitative ST variable was 
added to the multivariate algorithm, there was no sig- 
nificant improvement in calibration. 


DISCUSSION 

Our original hypothesis was concerned with whether 
ST HR index offered any improvement over standard 
ST criteria. Comparison of the 2 ST variables in men or 
women as discrete or continuous, or as isolated or inte- 
grated, revealed little difference in the present study. 





Area + SE 

0.805 0.021 

MVA + mmST 0.806 0.021 
‘—-— MVA + ST HR Index 0.806 0.022 
===- MVA - men 0.836 0.025 
——- MVA - women 0.769 0.038 


30 40 50 60 70 80 90 
FALSE POSITIVE RATE (%) 


Lachterman et al!? had the same general conclusion for 
a population of male veterans. We have demonstrated 
that the same is also true in women. Other investigators 
have not found this lack of significant improvement 
with ST HR index.®!°!2 However, a recent review of 
ST HR adjustments by Bobbio and Detrano'!^ revealed 
that of the 29 original reports dealing with this subject 
that were published since 1977, approximately half of 
these found no advantage over standard ST criteria. 
Most of the other half of reports that did find an advan- 
tage originated from 2 laboratories. Lachterman et al"? 
and Bobbio and Detrano!^ presented detailed evalua- 
tions of the differences in design of the various studies. 
They suggested that several methodologic differences 
may explain some of the differences noted. We would 
like to add the following comments concerning some of 
the methodologic issues mentioned in those reports that 
pertain to the present study. 

We made a great effort to derive a study population 
that was prospectively evaluated before catheterization. 
We did not retrospectively exercise patients after a posi- 
tive angiogram and include them in this study (few pa- 
tients with normal angiograms woüld subsequently un- 
dergo exercise testing). The inclusion of such patients 
would certainly have increased our disease prevalence, 
but also would have diluted the clinically relevant popu- 
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FIGURE 2. Calibration of probability estimates generated 
from logistic regression analysis of 9 pretest and test vari- 
ables is compared with that when either ST depression (mm 
ST) or ST/heart rate index (STHRI) was added to regression 
analysis. Ascending steps that begin on left indicate antici- 
pated range for each decile of post-test probability (e.g., decile 
1 = 0 to 10%). When top of bar is above respective range, 
there is underestimation of disease prevalence, and when it is 
below, there is overestimation of prevalence. MVA - multi- 
variate algorithm. 
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lation. These efforts to procure a clinically relevant 
population may have contributed to our relatively low 
prevalence of disease (38%). We also chose not to incor- 
porate patients with a low probability of disease, or nor- 
mal control subjects for reasons that have been well- 
expressed elsewhere.'5 These considerations may ex- 
plain some of the differences between our results and 
those noted by other investigators. - 

However, as with all studies of this type that involve 
angiography, referral bias certainly has the potential to 
affect the results.^ We chose receiver-operating charac- 
teristic curve analysis partly to overcome this potential 
problem of referral bias. Diamond!? showed that the 
area under a receiver-operating characteristic curve is 
essentially unaffected by referral bias, as well as disease 
prevalence and test threshold. 

Despite the previous remarks concerning our patient 
population, the low prevalence of disease needs further 
comment. With a positive ST-segment response rate of 
only 36%, one could rightfully ask why many of these 
patients underwent catheterization. In considering the 
test responses that may have driven the decision for an- 
giography, we considered the following: positive ST re- 
sponses, abnormal concurrent thallium studies, exercise- 
induced angina, hypotension, ventricular arrhythmias 
and inability to achieve 8596 maximal predicted heart 
rate and 5 METs of activity. Of the 258 normal sub- 
jects, only 43 (17%) did not have =1 of the aforemen- 
tioned responses. Although our data does not reveal why 
these 43 subjects underwent catheterization, issues sur- 
rounding continued undiagnosed symptoms and relative 
youth (mean age 46 years) may have been deciding fac- 
tors. Eight (5%) of the patients with coronary disease 
also did not manifest 71 of these responses. If we elimi- 
nated these 51 patients without abnormal or inadequate 
responses, the prevalence of disease would increase to 
only 41.7%. It is unlikely that this would have had any 
impact on our results. 

Baseline electrocardiographic abnormalities have also 
been noted to affect the accuracy of heart rate-adjusted 
ST criteria.?? For this reason, we limited our study to only 
those subjects with normal baseline electrocardiograms. 

ST variables were considered as continuous as well 
as discrete variables. Use of continuous variables 
avoids the categorization of “equivocal” results that 
are often dealt with differently or removed from anal- 
ysis. In addition, Diamond et al?! showed that there is 
more information in continuous than in dichotomous 
(normal vs abnormal) reporting of ST results. 

Our study dealt exclusively with ST HR index and 
not with ST/HR slope,?^!? which is more cumber- 
some to measure. (This problem can be obviated by a 
computer algorithm.??) However, studies have dem- 
onstrated that ST/HR slope is only marginally more 
accurate than ST HR index,?!? although ST HR in- 
dex appears to be less affected by exercise protocol 
than ST/HR slope.??? In all fairness, the issue of 
whether coronary disease severity and prognosis are 
better evaluated by heart rate-adjusted ST changes 
was not addressed in the present study. | 

When heart rate-adjusted ST evaluations first ap- 
peared in the late 1970s, there was considerable en- 





thusiasm over their potential to improve exercise elec- 
trocardiographic interpretation. However, some inves- 
tigators have suggested (and continue to adopt) a 
cautious “wait and see" attitude.?*7? The fact is that 
to date, ST/HR adjustments have yet to be shown to 
be a substantial improvement over standard ST crite- 
ria.'* Unfortunately, the results of the present study 
offer no vindication for ST HR index concerning the 
diagnosis of coronary disease. 
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Prognostic Value of Exercise Thallium 
Scintigraphy in Patients with Good Exercise 
Tolerance and a Normal or Abnormal Exercise 
Electrocardiogram and Suspected or Confirmed 
Coronary Artery Disease 


Leonard F. Fagan, Jr, MD, Leslee Shaw, MA, Barbara A. Kong, MD, Dennis G. Caralis, MD, 
Robert D. Wiens, MD, and Bernard R. Chaitman, MD 


Exercise thallium scintigraphy is widely used to 
assess prognosis in patients with suspected or 
proven coronary artery disease. The incremental 
prognostic value of this technique in patients who 
have good exercise tolerance has not been well 
studied. Two hundred ninety-nine patients with 
known or suspected coronary artery disease with- 
out prior myocardial infarction or revasculariza- 
tion procedure referred for exercise myocardial 
perfusion imaging and able to exercise to > stage 
lll of the Bruce protocol were included. After a 
mean follow-up of 50 + 10 months, there were 15 
cardiac events (5%). The incidence of cardiac 
events was 10 versus 3% (p <0.001) in patients 
with an abnormal versus normal thallium-201 
scan, and 9 versus 3% (p = 0.03) for an abnormal 
versus normal exercise electrocardiogram. When 
the 185 patients with a normal exercise electro- 
cardiogram were examined, the incidence of cardi- 
ac events was 3% (5 of 150) in patients with a 
normal scan versus 0% (0 of 35) in patients with 
an abnormal scan. In the 114 patients with an ab- 
normal exercise electrocardiogram, an abnormal 
thallium-201 scan was predictive of cardiac 
events (18% [8 of 44] versus 3% [2 of 70]; 

p = 0.006). Stepwise logistic regression analysis 
selected an abnormal thallium-201 scan and ab- 
normal exercise electrocardiogram, low peak ex- 
ercise heart rate, and male gender as independent 
variables associated with a significant increased 
risk of cardiac events. Thus, in patients with 
known or suspected coronary artery disease and 
good exercise tolerance, the addition of thallium- 
201 imaging in patients with an abnormal exer- 
cise electrocardiogram provides useful prognostic 
information. However, in patients with a normal 
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exercise electrocardiogram, exercise thallium-201 
imaging does not add prognostic information, and 
does not appear to be cost-effective. 

(Am J Cardiol 1992;69:607-611) 


disease, exercise duration, depth of ischemic ST-seg- 

ment depression, and inability to increase systolic 
blood pressure with progressive exercise are important 
prognostic variables predictive of subsequent cardiac 
events during symptom-limited treadmill exercise test- 
ing.!-6 The addition of radionuclide perfusion imaging 
has been shown to increase the prognostic information 
contained in the exercise test of patients with typical 
angina symptoms."-!! Other investigators have reported 
that patients with chest pain who have normal thallium 
scans have a relatively favorable prognosis.!?-!? In sev- 
eral of the reports, the importance of exercise duration 
has not been systematically analyzed.? If patient sub- 
groups with a favorable long-term prognosis can be 
identified with the exercise test results alone, the injec- 
tion of thallium-201 would be unnecessary and could 
potentially result in an important cost saving for the 
routine prognostic assessment of patients with suspected 
or proven coronary artery disease. Several investigators 
have shown that the ability to exercise into Bruce stage 
III or greater is associated with less multivessel coro- 
nary artery disease, and a more favorable prognosis 
than among patients who are unable to exercise to this 
work load.5!! The purpose of this study was to deter- 
mine the incremental prognostic value of thallium scin- 
tigraphy in patients with known or suspected coronary 
artery disease capable of exercising into 2 stage III of 
the Bruce protocol. 


[: patients with known or suspected coronary artery 


METHODS 

We retrospectively identified 316 patients with 
known or suspected coronary artery disease referred to 
St. Louis University Medical Center for thallium-201 
scintigraphy from January 1, 1985 to December 31, 
1986, who completed = stage III of the Bruce protocol. 
Patients with previous myocardial infarction or those 
with coronary revascularization were excluded from 
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(n = 185) 
50 + 11 









Mean age range (yr) 





Men (%) 140 (76) 
Nitrate therapy (%) 25 (14) 
Calcium antagonist (%) 19 (10) 
B-blocker therapy (%) 26 (14) 
Mean follow-up (mos) 50+ 8 

Typical angina (%) 28 (15) 
Atypical chest pain (%) 116 (63) 
Asymptomatic (%) 43 (23) 
Exercise-induced CP (%) 23 (12) 
Exercise duration (min) 9+2 

Achieved > 85% MPHR 165 (89) 
Decrease in SBP 12 (7) 

>20 mm Hg (%) 

Abnormal thallium scan (%) 35 (19) 
Reversible thallium defect (%) 19 (10) 


Fixed thallium defect (%) 16 (9) 


All data are expressed as mean + standard deviation. 














blood pressure; — = normal; + = abnormal. 


analysis. The 316 patients were selected from 1,046 pa- 
tients referred for stress thallium scintigraphy during 
this time interval. Patients with valvular heart disease or 
known or suspected malignant ventricular arrhythmias 
were excluded, as were patients who had electrocardio- 
grams at rest that precluded adequate exercise analysis 
(i.e., left ventricular hypertrophy, left bundle branch 
block, digitalis therapy) and those unable to exercise 
into 2 Bruce stage III. Of the 316 patients identified, 
11 patients were lost to follow-up. Of the remaining 302 
patients, 3 patients who died of carcinoma, and 3 pa- 
tients who had early revascularization within 60 days of 
an abnormal test result were excluded, resulting in 299 
patients who formed the study population. Their clinical 
characteristics are illustrated in Table I. Cardioactive 
medications were not routinely withheld prior to testing. 

Exercise testing: All patients performed a symptom- 
limited maximal Bruce treadmill protocol using a 12- 
lead electrocardiogram recorded at the end of each 3- 
minute stage, at end exercise, in the immediate postex- 
ercies phase, and for each minute for a total of 5 
minutes in the recovery phase after exercise. Heart rate 
and blood pressure measurements were obtained at the 
same time points. The exercise electrocardiogram was 
defined as abnormal if there was 21.0 mm of horizontal 
or downsloping ST-segment depression compared to 
baseline 80 ms after the J point.!4 

Thallium scintigraphy: One minute prior to termi- 
nation of exercise, 2 mCi of thallium-201 was injected 
intravenously. Planar thallium images were obtained 
within 5 minutes after the injection of the isotope using 
a small field-of-view gamma camera (Elscint) equipped 
with a low-energy, high-resolution, parallel-hole colli- 
mator. Sequential images were performed in the 45° 
left anterior oblique, anterior, and left lateral views. 
These were acquired at the 80 Kev photo peak with 
30% window and stored on a 256 X 256 byte matrix. 
Approximately 500,000 counts were acquired during 10 
minutes for each image.!? Redistribution images were 
obtained in the same views 4 hours after the exercise 


TABLE I Clinical, Exercise and Radionuclide Characteristics of 299 Patients 
—Exercise ECG 





CP = chest pain; ECG = electrocardiogram; MPHR = maximal predicted heart rate; NS = not significant; SBP = systolic 
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(n = 299) 


52+ 11 


+Exercise ECG 
(n = 114) 


55 2:19 
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0.0001 



















83 (73) NS 223 (75) 
27 (24) 0.02 52 (18) 
17 (15) NS 36 (12) 
18 (16) NS 44 (15) 
50 + 12 NS 50 + 10 
25 (22) NS 53 (18) 
60 (53) NS 176 (59) 
27 (24) NS 70 (23) 
22 (19) NS 45 (15) 
93a 2 NS 9+2 
102 (90) NS 267 (89) 
16 (14) 0.02 28 (9) 
44 (39) 0.0001 79 (26) 
39 (34) 0.001 58 (19) 
5 (4) NS 21 (7) 










images were acquired. Imaging after 24 hours or rein- 
jection images were not routinely obtained in patients 
with fixed defects. Images were analyzed by 2 observers 
without prior knowledge of the patients’ clinical history 
or angiographic results. A thallium scan with a revers- 
ible or fixed defect were considered abnormal. 

Follow-up: Telephone interviews were used to con- 
tact patients, referring physicians, or immediate family 
members to determine clinical events during the follow- 
up period. The follow-up protocol was approved by St. 
Louis University Institutional Review Board. Cardiac 
events were defined as admission for class III or IV 
chest pain, coronary revascularization, or nonfatal myo- 
cardial infarction. Cardiac death was defined as the im- 
mediate cause of death when proven cardiac in etiology 
either by clinical or postmortem evaluation. Coronary 
revascularization end points were classified as early if 
revascularization was performed within 60 days of the 
stress thallium test or late if performed thereafter. This 
distinction was made to separate those with an outcome 
directly attributable to exercise thallium test results 
from those not directly influenced by early intervention. 
All cardiac events were confirmed by chart review and 
contact with referring physicians when possible. The ini- 
tial event was considered as the clinical end point for 
data analyses in all cases, including the single cardiac 
death that followed emergent percutaneous translumin- 
al coronary angioplasty for an acute myocardial infarc- 
tion. 

Statistical analysis: Univariate and stepwise logistic 
regression analyses were performed using clinical and 
radionuclide variables to determine significant differ- 
ences in cardiac event rates, nonfatal myocardial infarc- 
tion and death.'® Frequencies were compared by chi- 
square analysis. A p value «0.05 was considered statis- 
tically significant. The variables analyzed were age, sex, 
fixed thallium defect, reversible thallium defect, peak 
heart rate, increased lung uptake of thallium, left ven- 
tricular dilation, peak exercise time, maximum depth of 
ST-segment depression, history of typical angina pecto- 
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ris, normal thallium study, normal exercise electrocar- 
diogram, exercise-induced chest pain, abnormal electro- 
cardiogram and abnormal thallium scan, peak systolic 
blood pressure, hypercholesterolemia, family history of 
coronary artery disease, systemic hypertension, diabetes 
mellitus and cigarette smoking. 

The stepwise logistic regression analysis was per- 
formed with all of the aforementioned variables entered, 
and with clinical and exercise electrocardiographic vari- 
ables only. Actuarial event-free survival curves were 
generated using life-table analysis. Differences were 
compared using the Wilcoxon test. 


RESULTS 

The cardiac event rate in the 299 patients was 5% 
(n = 15) over the 50 months of follow-up. The cardiac 
event rates included 1 cardiac death, 3 nonfatal myocar- 
dial infarcts, 4 patients who were admitted for unstable 
angina, and 7 patients who underwent late coronary re- 
vascularization (1 coronary angioplasty and 6 coronary 
bypass procedures). The single cardiac death occurred 
in a patient 3 years following the exercise test who was 
admitted to the hospital for an acute myocardial in- 
farction, underwent emergency coronary angioplasty 
and bypass grafting, and subsequently died. Of the 4 
patients who had unstable angina, 1 underwent coro- 
nary bypass grafting. There was a nonsignificant trend 
toward an increased risk of cardiac events in patients 
with a prior history of typical angina compared to those 
without typical symptoms (9% [5 of 53] vs 4% [10 of 
246]; p = not significant). 

The cardiac event rate was 30% (3 of 10), 7% (2 of 
30), and 4% (10 of 259) in patients who had a heart 
rate at peak exercise «120, 120 to 140 and =140 
beats/min, respectively (p «0.001). 

An abnormal exercise thallium study significantly 
increased the risk of a cardiac event. The cardiac event 
rate was 10% (8 of 79) in patients with an abnormal 
scan versus 3% (7 of 220) in patients with a normal 
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FIGURE 1. The prognostic value of exercise electrocardiogra- 
phy (left panel) and exercise thallium scintigraphy (right pan- 
el) in 299 patients able to exercise > stage Ill of the Bruce 
protocol. Both the exercise electrocardiogram (ECG) (p = 
0.03) and exercise thallium scan (p <0.001) provided useful 
infarction; REVASC 


scan (p «0.001; Figure 1). The cardiac event rate was 
3% (7 of 220), 0% (0 of 21) and 14% (8 of 58) in pa- 
tients who had a normal, fixed or reversible thallium 
defect, respectively (p = 0.003; Figure 2). 

Abnormal exercise electrocardiogram: An abnor- 
mal exercise electrocardiogram was predictive of subse- 
quent cardiac events; the cardiac event rate was 9.690 
(11 of 114) in patients with an abnormal exercise elec- 
trocardiogram versus 396 (5 of 185) in patients with a 
normal exercise electrocardiogram (p = 0.03; Figure 1). 
The cardiac event rate was 2, 8, and 1596 in the 185, 88 
and 26 patients who had «1.0 mm, > mm and «2.0 
mm, and 22.0 mm of ST-segment depression 80 ms 
after the J point as compared to baseline (p = 0.005; 
Figure 3). 

In the 114 patients with an abnormal exercise elec- 
trocardiogram, an abnormal thallium-201 scan was pre- 
dictive of cardiac events. The event rate was 18% in the 
44 patients with an abnormal scan versus 3% in the 70 
patients who had a normal thallium scan (p = 0.006). 
The 95% binomial confidence intervals for 8 of 44 pa- 
tients (0.088 to 0.332) overlap that for 2 of 70 patients 
(0.005- 0.111). 

Normal exercise electrocardiogram: The results of 
the thallium scan did not significantly improve the pre- 
dictive accuracy of cardiac events in patients who had a 
normal exercise electrocardiogram (Figure 4). The 4- 
year cardiac event rate in this group was 3 vs 0% in the 
150 and 35 patients with a normal and abnormal thalli- 
um scan, respectively. 

Multivariate analysis: When clinical and exercise 
variables alone were analyzed, the logistic regression 
analysis selected a lower peak heart rate (p <0.001), 
more profound ST-segment depression (p = 0.008), 
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FIGURE 2. Actuarial event-free survival curve according to 
exercise thallium results (percent event rate + 95% confi- 
dence limits). The cardiac event rate was significantly in- 
creased in patients who had a reversible thallium defect. 
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male gender (p = 0.02), and a history of diabetes melli- 
tus (p = 0.008) as independent predictors that signifi- 
cantly increase the risk of a cardiac event. When the 
stepwise logistic regression analysis included the results 
of the thallium scan, the presence of both an abnormal 
thallium scan and abnormal exercise electrocardiogram 
(p = 0.03), relatively low peak heart rate achieved (p = 
0.01), and male gender (p = 0.04) were the independent 
variables selected that were associated with a signifi- 
cantly increased risk of cardiac events. 


DISCUSSION 

The main finding in this study is that patients with 
suspected or proven coronary artery disease, good exer- 
cise tolerance and a normal exercise electrocardiogram 
may not require thallium scintigraphy to further en- 
hance their prognostic assessment. However, when the 
exercise electrocardiogram is abnormal in this type of 
patient, thallium scintigraphy does provide useful prog- 
nostic information. In a previous report, Chaitman et 
al!” analyzed the incremental increased diagnostic in- 
formation for thallium scintigraphy in patients who had 
exercise-induced ST-segment depression 22 mm and a 
peak work capacity = stage III of the Bruce protocol. 
The post-test risk of coronary and multivessel coronary 
disease was significantly increased when both the elec- 
trocardiogram and thallium scintigram were abnormal. 
The 5% overall cardiac event rate over 4 years of follow- 
up is not surprising considering the patient selection cri- 
teria required for entry into this study. We excluded 
patients with previous coronary revascularization or 
myocardial infarction, limited the analysis to patients 
who were able to exercise into Bruce stage III or great- 
er, but did not require coronary angiography as a re- 
quirement for inclusion. Bogaty et al? studied 241 ini- 
tially medically treated patients with angiographically 
documented coronary disease and a strongly positive ex- 
ercise electrocardiogram (22 mm); they reported 13 
and 6% fatal event rates over 8 years of follow-up in 
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FIGURE 3. More profound exercise-induced ST-segment de- 
pression significantly increased the risk of a cardiac event 
(p = 0.005). 
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patients able to exercise into Bruce stage III and IV, 
respectively, after excluding patients with a recent coro- 
nary event. Weiner et al!! examined 4,083 patients who 
underwent coronary angiography and exercise testing in 
the Coronary Artery Surgery Study (CASS) registry. 
After excluding patients who had prior coronary revas- 
cularization or a recent myocardial infarction, 32% of 
the patients were able to exercise into Bruce stage III or 
more and had a normal exercise electrocardiogram. The 
mortality rate was «196 per year over 4 years of follow- 
up,' and increased with the extent of coronary artery 
disease.!! Similar data have been reported by other in- 
vestigators.”-° 

Study limitations: The data in this analysis were col- 
lected retrospectively, and 11 patients (4%) were lost to 
follow-up. The small number of patients in this group 
could be potentially significant if the event rate were 
different from the larger population studied. We exam- 
ined the demographic and clinical test results in the 11 
patients, and found that the characteristics were similar 
to the larger patient population. This finding lessens the 
possibility of bias in the sampling of the original popula- 
tion. The use of a 2-month time period to classify pa- 
tients into early and late coronary revascularization is 
arbitrary. We selected this time window to allow time 
comparisons to previous reports. The great majority of 
studies in this report were conducted with planar imag- 
ing consistent with the practice pattern at the time the 
studies were acquired. The use of single-photon emis- 
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FIGURE 4. Actuarial event-free survival curve by combina- 
tions of exercise electrocardiographic and scintigraphic results 
in 299 patients able to exercise to > stage Ill of the Bruce 
protocol. The cardiac event rate was greatest in patients who 
had both an abnormal exercise electrocardiogram (ECG) and 
abnormal thallium (TI-201) scan (p <0.001). In patients with a 
normal exercise electrocardiogram, thallium scintigraphy did 
not provide additional prognostic information. 
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sion computed tomography may have improved the test 
results. A potential limitation of not performing 24-hour 
delayed imaging studies, or reinjection imaging in pa- 
tients with fixed defects is the misclassification of pa- 
tients with potentially reversible defects into the fixed 
defect category. Antianginal medication can influence 
stress testing results, by increasing the time patients can 
exercise on the treadmill. Only 7 patients in the present 
series received their medication the morning of testing. 
Nitroglycerin, calcium antagonists or -blocker usage 
did not change the results of the stepwise regression 
analysis. 

Cost considerations: At the current time, patient 
charges for an exercise treadmill study are $288 and 
$1,076 for an exercise thallium study at our institution. 
The patient charges for exercise thallium imaging in the 
299 patients reported was $321,724. If exercise tread- 
mill testing alone were performed, the cost would have 
been $86,112. If a policy of exercise treadmill testing in 
all 299 subjects were instituted, followed by exercise 
thallium imaging only in the 114 patients who had an 
abnormal exercise electrocardiograms, the cost would 
have been $208,776. Thus, if thallium-201 studies were 
not performed in the 62% of patients who had a normal 
exercise electrocardiogram, the net reduction in patient 
charges would have been $112,948. When one considers 
the number of exercise thallium studies performed each 
year in North America, the impact on health care sav- 
ings is important. 

Clinical Implications: The findings in this study are 
applicable to tertiary referral centers where the patient 
mix includes patients with suspected or proven coronary 
artery disease referred for exercise assessment to de- 
termine prognosis. The conclusions might be different 
if the patient population all had angiographically doc- 
umented coronary disease, or were studied after a re- 
cent coronary event. There was a nonsignificant trend 
toward an increased incidence of cardiac events in pa- 
tients with typical anginal symptoms. 

Most patients in this series did not have typical angi- 
nal symptoms. We and others have reported on the di- 
agnostic and prognostic importance of taking the pretest 
risk into consideration when evaluating post-test re- 
sults.!8-2! Our data indicate that patients with atypical 
symptoms who have good exercise tolerance probably 
do not require radionuclide perfusion imaging for prog- 
nostic purposes. The results of this patient series support 
the recent position paper by the American College of 
Physicians.?2.?? 

Our current recommendations are to assess a pa- 
tient's exercise capacity before scheduling the exercise 
test. It is often possible to predict which patients will 
reach > Stage III of the Bruce protocol based on activi- 
ty scales.?^ After excluding patients with a noninterpret- 
able electrocardiogram (left ventricular hypertrophy, 
left bundle branch block), the patients are then sched- 
uled initially for an exercise test without radionuclides. 
If the exercise electrocardiogram is abnormal, the test is 
repeated with thallium-201 when clinically indicated to 
provide additional prognostic information. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Comparison of a Vectorcardiographically Derived 
12-Lead Electrocardiogram with the 
Conventional Electrocardiogram During Wide 
QRS Complex Tachycardia, and Its Potential 
Application for Continuous Bedside Monitoring 


Barbara J. Drew, RN, PhD, Melvin M. Scheinman, MD, and G. Thomas Evans, Jr., MD 





Previous investigators published conflicting re- 
ports comparing a vectorcardiographically derived 
electrocardiogram (ECGp) with the conventional 
12-lead one (ECG). Prior comparisons were ob- 
tained in adults during sinus rhythm, but never in 
patients with wide QRS complex tachycardia. The 
ECGy was evaluated during baseline rhythms in 
patients with varying cardiac diagnoses, and the 
diagnostic accuracy of the 2 methods was com- 
pared during 64 episodes of wide QRS complex 
tachycardia in 49 patients during cardiac electro- 
physiologic study. All leads of the 12-lead ECGp 
closely resembled the conventional ECG in base- 
line and tachycardia tracings, except leads V3 and 
V4. QRS voltages were less in the ECGp, resulting 
in an inability to detect left ventricular hypertro- 
phy in one third of patients with that diagnosis. 
There was excellent agreement between the ECGp 
and ECG in diagnosing prior myocardial infarction 
(92%), ventricular preexcitation patterns (100%), 
bundle branch and fascicular blocks (10096), and 
axis deviation. The ECGp was equally as valuable 
as the ECG in the diagnosis of wide QRS complex 
tachycardia. There was perfect agreement be- 
tween the 2 lead systems in application of the 
morphologic criteria differentiating supraventricu- 
lar tachycardia with aberration from ventricular 
tachycardia in leads V4, V2 and Vs, and for crite- 
ria requiring axis determination and measurement 
of RS intervals in the precordial leads. The ECGp 
tracings contained less muscle artifact during 
body movements (e.g., after direct-current defi- 
brillation). In conclusion, the ECGp’s close correla- 
tion with the ECG, and its technical superiority 
and simple 5 torso-positioned electrode configura- 
tion make it worth pursuing as an option for con- 
tinuous bedside monitoring. 

(Am J Cardiol 1992;69:612-618) 
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have several significant limitations. First, a limi- 

ted selection of leads is available. For example, no 
currently available monitoring system allows for the si- 
multaneous recording of >1 precordial lead. Thus, it is 
not possible to record lead V;, which is preferable for 
arrhythmia analysis, while also recording lead V> or V3, 
which is ideal for detecting anterior wall myocardial 
ischemia. Second, bedside leads are often significantly 
different from corresponding ones from a standard 12- 
lead electrocardiogram (ECG).!? This difference is due 
in part to the bedside monitoring practice of positioning 
the arm and leg electrodes on the torso.!? 

Dower et al? derived 12 electrocardiographic leads 
using a modified Frank vectorcardiographic lead config- 
uration (Figure 1), which they report to more approxi- 
mate the conventional than the torso-positioned ECG 
used for exercise testing or bedside monitoring. The co- 
efficients of vector leads X, Y, and Z necessary for de- 
riving the lead vectors for the 12-lead ECG have been 
previously established.^ The original reports of Dower et 
al^ suggested a good correlation between the vectorcar- 
diographically derived (ECGp) and conventional ECGs 
in the diagnosis of myocardial infarction, frontal plane 
QRS axis and intraventricular conduction delays; how- 
ever, these findings were not corroborated by Wolfe et 
al.’ 

Although the ECGp offers potentially significant 
improvements for continuous bedside monitoring, insuf- 
ficient data is available regarding its diagnostic accura- 
cy. Furthermore, all previous comparisons of the ECGp 
with the ECG have been performed at rest during stable 
(generally, sinus) rhythms. The purpose of the present 
study was to compare the 2 lead systems in patients 
with varying cardiac diagnoses. In our investigation, 
clinical and echocardiographic data were available to al- 
low for an independent standard relative to a correct 
diagnosis. Prior studies compared the ECGp with the 
ECG, but left unclear which of the 2 reflected the true 
diagnosis. In addition, for the first time, we compared 
the 2 lead systems during wide QRS complex tachycar- 
dia using invasive electrophysiologic studies as the gold 
standard for correct diagnosis. 


C» bedside electrocardiographic monitors 


METHODS 

We prospectively analyzed 64 wide (20.12 second) 
complex tachycardias recorded from 49 adults under- 
going cardiac electrophysiologic study. Only monomor- 
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phic tachycardias at a rate of 100 to 290 beats/min 
were selected for analysis. Supraventricular tachycar- 
dias with anterograde conduction over an accessory 
atrioventricular pathway were excluded from analysis. 
More than 1 tachycardia from the same patient was 
used in the analysis if the patient developed: (1) both 
supraventricular and ventricular tachycardias, (2) su- 
praventricular tachycardia with both right and left 
bundle branch block-type aberrations, or (3) a second 
ventricular tachycardia with a clearly different QRS 
morphology. Ventricular tachycardias were defined as 
morphologically distinct if they exhibited different bun- 
dle branch block patterns or if they had a markedly 
different (260?) frontal plane QRS axis. The diagnosis 
of tachycardia was verified by intracardiac recordings 
in all patients. 

Simultaneous recordings were obtained with the 2 
lead systems using identical Marquette instruments dur- 
ing baseline rhythm before electrophysiologic study and 
during wide QRS complex tachycardia. Two investiga- 
tors independently compared baseline ECGs with re- 
spect to frontal plane QRS axis, evidence of infarction, 
bundle branch and fascicular block, and ventricular 
preexcitation and hypertrophy using standard criteria.* 
Similarly, 12-lead ECGs were compared during tachy- 
cardia. Each diagnosis of tachycardia was obtained 
without benefit of the patient's baseline ECG, or knowl- 
edge of the lead system, clinical information or electro- 
physiologic findings. Furthermore, each of the 12 leads 
of the ECGp was compared with its counterpart con- 
ventional ECG lead during baseline and tachycardia 
rhythms to determine the similarity of the 2 recording 
methods. The 2 leads being compared were considered 
identical if they had identical QRS patterns in terms of 
sequence, width and morphology of QRS waves, and 
similar voltages. 

We used a modification of the algorithm proposed 
by Brugada et al,? in which a diagnosis of ventricular 
tachycardia was made if: no RS complex was present in 
any precordial lead, the interval from onset of the R to 
nadir of the S was >100 ms, atrioventricular dissocia- 
tion was present, or the frontal plane QRS axis was in 
the right superior quadrant (ie., —90 to + 180°). If 
ventricular tachycardia could not be diagnosed on the 
basis of these criteria, QRS morphology was analyzed 
in leads Vi, V; and V&. The morphologic criteria used 
to diagnose ventricular tachycardia in those with a right 
bundle branch block pattern included a monophasic R, 
biphasic QR or RS, or M-shaped complex with a taller 
left peak in lead V;.!? Ventricular tachycardia was di- 
agnosed in those with a left bundle branch block pat- 
tern when the complex contained a prolonged R wave 
>30 ms, a slurred or notched S downstroke, or a de- 
layed S nadir >60 ms in leads V; or V2. !! Lead V; 
was also used to obtain the diagnosis of ventricular 
tachycardia if any of the following patterns were pres- 
ent: a monophasic QS, biphasic QR, late peaking of the 
QRS =70 ms,? or RS configuration (R:S <1) in 
taghycardias with a right bundle branch block pat- 
tern. 

A diagnosis of supraventricular tachycardia with ab- 
errant conduction was obtained when criteria from the 


VIN S" co AI 


first 4 steps were negative for ventricular tachycardia, 
and QRS morphology suggested aberrancy, including: 
(1) a triphasic RSR’ configuration in lead V; in tachy- 
cardias with a right bundle branch block pattern, (2) 
absent or tiny R wave followed by a steep S downstroke 
without slurring or notching in leads V, and V2 in 
tachycardias with a left bundle branch block pattern, !! 
(3) early peaking of the QRS <50 ms in lead V¢,!? or 
(4) a triphasic QRS configuration (R:S 71) in lead V, 
in tachycardias with a right bundle branch block pat- 
tern. ! 

When the first 4 criteria yielded negative findings 
for ventricular tachycardia, and the morphologic crite- 
ria in lead V, indicated a diagnosis contrary to that of 
Ve, an "indeterminate" diagnosis was obtained. 


RESULTS 

Sample characteristics: Patients comprising the 
sample were referred for cardiac electrophysiologic 
study to select antiarrhythmic drugs, catheter ablation 
or device therapy for symptomatic supraventricular or 
ventricular arrhythmias. Two thirds of the patients were 
men (mean age 56 years, range 19 to 86). Cardiac his- 
tory of the 49 patients was as follows: previous myocar- 
dial infarction (28), coronary artery disease without 
myocardial infarction (1), dilated cardiomyopathy (4), 
valvular heart disease (1), accessory atrioventricular 
pathway (12) and absence of heart disease with history 
of paroxysmal tachycardia or unexplained syncope (3). 
Eighteen patients had history of aborted sudden cardiac 
death. At the time of electrophysiologic study, 27 pa- 
tients (55%) were receiving no antiarrhythmic drugs; 
the remainder were treated with a variety of such 
agents. 

As indicated from intracardiac recordings, 22 tachy- 
cardias were supraventricular with aberrant ventricular 





When using standard 5-leadwire bedside cable, chest (C) elec- 
trode is placed on lower sternum at level of fifth intercostal 
space. Right and left arm (RA and LA) electrodes are placed 
in right and left axilla, respectively, at same horizontal level as 
chest electrode. Left leg (LL) electrode is placed on manubri- 
um, and right leg (RL) ground electrode can be placed any- 


back. Anterior-posterior lead is derived by comparing 

point of right and left axilla electrodes with lower sternal elec- 
trode. Vertical, right-left and anterior-posterior orthogonal 
leads resulting from these electrode positions produce approx- 
imations of vector leads X, Y and Z. 
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TABLE I Baseline Comparison of Derived and Conventional Electrocardiograms in 49 
Patients 


RBBB LBBB  IVCD 


ECGp 3 1l 6 
Conventional ECG 3 l 6 
% Agreement 100 100 100 


*Diagnosis determined by clinical and echocardiographic 
fTwo additional ECGps had false positive evidence for MI. 


LVH MI 
LAFB (n=9)*  Preexcitation (n = 28)* 


2 6 
2 91 
100 66 


data. 


tAn additional conventional ECG hac false positive evidence for LVH. 


ECG = electrocardiogram; ECGp = vectorcardiographical 


ly derived electrocardiogram; IVCD = intraventricular conduction 


delay; LAFB = left anterior fascicular block; LBBB = left bundle branch block; LVH = left ventricular hypertrophy; MI = prior 


myocardial infarction; RBBB = right bundle branch block. 





conduction, and 42 were ventricular. Supraventricular 
arrhythmia mechanisms included orthodromic atrioven- 
tricular reciprocating tachycardia in 12 patients with 
Wolff-Parkinson- White syndrome, atrioventricular nod- 
al reentry in 5, atrial tachycardia in 4, and sinus tachy- 
cardia in 1. 

Baseline vectorcardiographically derived versus 
conventional electrocardiogram: In all patients, the 
baseline ECGp closely resembled the ECG with 2 ex- 
ceptions: (1) QRS morphology was dissimilar in lead V4 
in 35% of patients, and in V4 in 51%. This disparity 
between the 2 lead systems was typically an early tran- 
sition of the “right ventricular” rS to the “left ventricu- 
lar” qR pattern in the ECGp. Whereas the transitional 
zone generally appeared in lead V3 or V4 of the ECG, it 
frequently occurred between V> and V3 in the ECGp. 
(2) QRS voltage tended to be less in the ECGp, espe- 
cially i in the precordial leads, which affected the diagno- 
sis of left ventricular hypertrophy. 

A comparison of the diagnoses determined from the 
2 recording methods is shown in Table I. There was 
complete agreement between the 2 lead systems in 
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all cases of the following diagnoses: (1) right bundle 
branch block, (2) left bundle branch block, (3) nonspe- 
cific intraventricular conduction delay, and (3) anterior 
fascicular block (no patients exhibited posterior fascicu- 
lar block). Nine patients had echocardiographic evi- 
dence and voltage criteria for left ventricular hypertro- 
phy in the ECG; however, only 6 of these had such evi- 
dence in the ECGp (Figure 2). An additional young 
patient with a normal echocardiogram and no history of 
hypertension had false positive voltage criteria for left 
ventricular hypertrophy in the ECG, but not in the 
ECGp. Six patients with Wolff-Parkinson-White syn- 
drome had evidence of ventricular preexcitation during 
sinus rhythm in the baseline ECG. All 6 patients also 
had evidence of preexcitation in the ECGp, with delta- 
wave morphology nearly identical between the 2 lead 
systems. 

There was agreement between the 2 methods in 45 
patients (92%) in absence or presence of prior myocar- 
dial infarction and in the location of infarction. Of 28 
patients with clinical history and echocardiographic evi- 
dence of prior myocardial infarction, 22 had such evi- 


FIGURE 2. Simultaneous conventional and 
vectorcardiographically derived electrocar- 
diographic recordings illustrating voltage 

differences between the 2 lead systems in 
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diogram (ECG) by noting S wave in lead 
V3 of 25 mm, P-terminal force in V, 
20.04, and typical ST-segment shifts. Left 
ventricular hypertrophy was not detected 
with vectorcardiographically derived elec- 
trocardiogram (ECGp) and QRS voltage 
was less than that of ECG in every lead 
except V; and V2. 
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dence in the ECG compared with 24 in the ECGp. Dis- 
crepancies between the 2 lead systems included evidence 
of previous inferior wall myocardial infarction in 4 pa- 
tients with the ECGp, but not with the ECG. Two of 
these patients were young (23 and 28 years, respective- 
ly) with no history of heart disease, and both had nor- 
mal echocardiograms. Thus, the ECGp was assessed as 
showing false positive evidence of prior inferior infarc- 
tion in these 2 cases. The other 2 patients had false neg- 
ative findings of inferior infarction on the conventional 
tracings. Both of these patients had recurrent monomor- 
phic ventricular tachycardia with clinical history and 
echocardiographic evidence of prior myocardial infarc- 
tion; however, electrocardiographic evidence was pres- 
ent only in the ECGp. Thus, in summary, the ECG pro- 
duced false negative findings in 6 patients with prior 
myocardial infarction, and the ECGp produced false 
positive findings in 2 and false negative findings in 4. 
There was a close correlation between QRS axis cal- 
culated with the ECGp and ECG. The average axis dif- 
ference calculated independently from the 2 methods 
was 19°, with a 95% confidence interval of 14 to 24°. 
Tachycardia: vectorcardiographically derived ver- 
sus conventional electrocardiogram: The ECGp closely 
resembled the ECG during wide QRS complex tachy- 
cardia, except in voltage (ECGp tended to be less), and 
in QRS morphology in leads V3 and V4. Thirty-nine 
percent of tachycardias had dissimilar QRS configura- 
tions between the 2 methods in lead V3, and 55% had 
dissimilar patterns in V4. The average difference in 
QRS axis between the 2 methods during tachycardia 
was 17°, with a 95% confidence interval of 12 to 22°. 
The following 3 criteria were 100% specific for ven- 
tricular tachycardia and the ECGp was as sensitive as 
the ECG in recording them: absence of precordial RS 
complex (11 of 41 ventricular tachycardias; sensitivity 
27%), precordial RS interval >100 ms (20 of 41 ven- 
tricular tachycardias; sensitivity 49%) and atrioventricu- 
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lar dissociation (7 of 42 ventricular tachycardias; sensi- 
tivity 17%). The fourth criterion, an axis in the right 
superior quadrant, was observed in 10 patients during 
tachycardia, 9 of which were ventricular tachycardia 
(sensitivity 22% and specificity 90%). Because of the 
close similarity of the ECGp to the ECG in leads V, 
V, and V,, the morphologic criteria were present with 
equal frequency in the 2 lead systems (Figures 3 to 6). 

There was complete agreement between the 2 in- 
vestigators in obtaining the diagnoses of tachycardia. 
An accurate diagnosis was obtained in 56 of the 64 
(87.5%) tachycardias with both methods (Table II). 
The same indeterminate diagnoses and misdiagnoses 
occurred with both methods. One misdiagnosis oc- 
curred in a patient with a ventricular tachycardia 
due to bundle branch reentry, which was diagnosed as 
supraventricular tachycardia with left bundle branch 
block. A second misdiagnosis was an atrioventricular 
nodal reentrant tachycardia that was negative for all 
ventricular criteria except 1: the tachycardia had a left 
bundle branch block pattern with an R wave >30 ms in 
lead V». Examination of the patient's baseline tracings 
revealed R-wave prolongation in lead V» during sinus 
rhythm also, with an intraventricular conduction delay 
pattern. Thus, the misdiagnosis may not have occurred 
if the investigators had the benefit of the baseline ECG. 
A third misdiagnosed tachycardia was supraventricular 
with an unusual pattern of aberrancy including a mon- 
ophasic R-wave pattern in lead V;, a nondiagnostic 
pattern in Ve, and a right superior axis. Five tachycar- 
dias (3 supraventricular and 2 ventricular) were la- 
belled as indeterminate for both lead systems, because 
the first 4 criteria produced negative findings for ven- 
tricular tachycardia, and the morphologic criteria were 
contradictory in lead V; versus V. 

An additional finding was that the ECGp was often 
technically superior to the ECG. Conventional tracing 
contained more artifact and baseline wandering, pre- 
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FIGURE 3. Simultaneous resting (left) and wide QRS complex tachycardia (right) tracings shown in this and subsequent figures 
are recorded during cardiac electrophysiologic study with conventional (fop) and vectorcardiographically derived (bottom) elec- 
trocardiographic tracings. Pattern of ventricular preexcitation is identical in the 2 lead systems in 22-year-old man with Wolff- 


rived electrocardiogram (ECGp). Atrioventricular orthodromic 


reciprocating tachycardia 
study. Morphologic criteria for aberrancy (i.e., RSR’ configuration in V;, and QRS pattern in 
electrocardiogram. 


during cardiac electrophysiologic 
Vg[R5S ratio >1]) are evident in both lead systems. ECG = 
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sumably due to movement of the patients’ extremities, 
compared with that of the ECGp (Figure 7). This tech- 
nical advantage of the ECGp was especially noticeable 
after direct-current defibrillation of patients in whom 
7] of the 10 conventional electrodes frequently pulled 
loose and caused major artifact or frank loss of the 
electrocardiographic signal. 


Conventional owed 





























DISCUSSION 

This is the first study to assess the value of the 
ECGp in the diagnosis of wide QRS complex tachycar- 
dia. We found the ECGp equally as valuable as the 
ECG in distinguishing ventricular from supraventricu- 
lar tachycardia with aberrant conduction. There was 
perfect agreement between the 2 lead systems for mor- 
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»100 ms, (2) axis in right superior quadrant, (3) late S nadir >70 ms in Vo, (4) taller left peak QRS configaration in V. aud and (5) 


RS pattern in Ve (R:S ratio <1). ECG = electrocardiogram. 
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E 


a TE IRI | 
V Vii asl | 
E WM JT loss 
ELLE ig MINER BV AE "m 
AA fos d da AA tii Ü | y) | n M 
E 





== e| zl 





zB 


T 


iar 
A Mihi 
HHA URN 
AAA ATATA 
i Dun TU ui Ti 
enna i i! 
IEEE HT 
LLLI Tu 

UEEE TA 

AM IE UE LAE 





KAAN il 

MIN UU 

BERTI 

OUR i 

Wm AA 
HEU 


ill il Wi Ht 
i UN A i 
Lid Y 





cardiograms (ECGs), including tiny R wave followed by steep downstroke without notching in eads V, and Va, and no Q wave in 
lead Vs. 
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TABLE II Diagnostic Accuracy of Derived and Conventional Electrocardiograms in 64 Wide 
QRS Complex Tachycardias 


Conventional ECG ECGp 
Electrophysiologic Supra- Supra- 
Diagnosis ventricular Ventricular Indeterminate ventricular Ventricular Indeterminate 


Supraventricular 
Ventricular 


Abbreviations as in Table |. 


Conventional ECG Conventional ECG 
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FIGURE 6. Both baseline tracings in patient with recurrent monomorphic ventricular tachycardia indicate prior inferior myocar- 
dial infarction and right bundle branch and first-degree atrioventricular blocks. During tachycardia with left bundle branch block 

pattern, morphologic criteria for ventricular tachycardia are evident in both electrocardiograms (ECGs) in leads V; and V2 (i.e., 
prolonged R wave and delayed S nadir). Note dissimilar QRS patterns in leads V3 and V4 in 2 ECGs during tachycardia. ECGp 
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| facts are visible throughout tracings with 5 ventricular capture complexes, including extrastimulus (second QRS from end). Body 
movements frequently resulted in muscle artifact and baseline wandering in conventional tracing, whereas vectorcardiographi- 

. cally derived electrocardiogram (ECGp) was seldom affected. ECG = electrocardiogram. 
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phologic criteria in leads V;, V; and Vg, and in other 
criteria requiring axis determination and measurement 
of RS intervals in the precordial leads. Thus, regardless 
of which lead system we used, we were able to establish 
a correct diagnosis (electrophysiologic study) in nearly 
90% of wide QRS complex tachycardias when we had 
the benefit of baseline tracings for comparison. 

A practical finding worth mentioning is the stability 
of the ECGp tracings, despite movement of patients’ 
extremities, including convulsive movements after di- 
rect-current defibrillation. The reduction of muscle arti- 
fact and baseline wandering in the ECGp is most likely 
due to the reduced number of electrodes (i.e., half the 
number of the ECG) and to the placement of them on 
areas of the chest protected from limb movement. 
However, a limitation of the ECGp electrode sites is 
that for patients after cardiac surgery with sternotomy 
incisions, the sternal electrode sites would not be feasi- 
ble. 

This study corroborates in part prior studies com- 
paring baseline ECGp with conventional ECG tracings. 
The 2 lead systems produce 12-lead tracings that close- 
ly resemble each other, except in leads V3 and V4. Our 
findings confirm the findings of Wolf et al’ that “the 
electrode locations with the largest proximity effect (V. 
to V4) show the poorest correlation" with conventional 
leads. In the present study, QRS morphology differed 
significantly in approximately one third of patients in 
lead V3, and in approximately one half of those in V4. 
The difference frequently consisted of an early transi- 
tion of the precordial QRS pattern so that the derived 
V3 and V4 complexes were more upright than corre- 
sponding conventional leads. Although not evaluated in 
the present study, this disparity of the midprecordial 
leads may affect the diagnosis of anterior wall myocar- 
dial ischemia and acute infarction. 

The present study also confirms prior reports of 
voltage differences between the 2 lead systems. We 
found QRS voltage to be slightly less in most leads of 
the ECGp, which resulted in a failure to detect left 
ventricular hypertrophy in one third of patients with 
that diagnosis. 

Despite these differences, our findings indicate that 
the ECGp is comparable to the ECG for analyzing in- 
traventricular conduction defects, ventricular preexcita- 
tion patterns and frontal plane QRS axis. Although the 





ECGp produced false positive findings for prior infarc- 
tion in 2 patients, it also detected prior infarction in 2 
with false negative findings by the ECG. 

Clinical implications for continuous bedside moni- 
toring: Our findings have potentially widespread appli- 
cation for both continuous bedside and ambulatory 
monitoring. A number of recent studies documented 
the value of analyzing all 12 electrocardiographic leads 
to distinguish ventricular from supraventricular tachy- 
cardia with aberrant conduction. The clear-cut advan- 
tage of monitoring with the ECGp is that it involves 
many fewer electrodes that are located only on the tor- 
so. Furthermore, computer storage of the signals from 
orthogonal leads makes it possible to store hours of 
monitoring data with ready retrieval of the full 12-lead 
ECG. In addition, ST-segmental analysis can be per- 
formed on multiple leads, further localizing ischemic 
zones. 
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E /n vitro studies demonstrated that pravastatin is transported into 
hepatocytes with substantially less uptake into other cells 


Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 
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Possibly associated desi in only I patient 
in clinical trials (n>13,000)" 


Consider myopathy in any patient with diffuse muscle pain, tenderness, 
or weakness, particularly with malaise or fever. Advise patients to 
promptly report these symptoms. Discontinue pravastatin if myopathy 
is diagnosed or suspected. 


In clinical studies, significant elevations of liver 
enzymes have been uncommon 


B Increases in serum transaminase (greater than three times the 
upper limit of normal on two or more occasions) were seen in 
1.3% of patients treated over an average of 18 months 


m Elevations were generally reversible over time in patients 
discontinued from pravastatin; patients with biochemical 
findings were usually asymptomatic 


B Active liver disease or unexplained transaminase elevations are 
contraindications to the use of pravastatin 


B Liver function should be monitored before treatment and at 
recommended intervals—every 6 weeks for the first 3 months, 
every 8 weeks for the remainder of the first year, and periodically 
thereafter (e.g., at about 6-month intervals) 


"A second patient developed myopathy when clofibrate was added to a previously well- tolerated regimen 
of pravastatin; the myopathy resolved when clofibrate therapy was stopped and pravastatin treatment 
continued. The use of fibrates alone may occasionally be associated with myopathy. The combined use of 
pravastatin and fibrates should generally be avoided. 


Please see CONTRAINDIGATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
= inthe brief ‘summary of prescribing information on the final page of this advertisement. 
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Low incidence of side effects 


Adverse clinical events attributed to study drug: 


PRAVACHOL’ Placebo 
(n = 900) (n=411) 


~J 
RS 


Headache 
Cardiac chest pain 
Rash 

- Nausea/ vomiting 

. Diarrhea. 
Abdominal pain 
Constipation 
Flatulence 

. Heartburn 

Fatigue 
Chest pain 
Localized pain 
Myalgia 
Dizziness | 
Urinary abnormality 
Rhinitis ! i 
Cough pre nd 
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*Statistically different from placebo | y | 


Discontinuation rate from pravastatin (1.7%) was not statistically By 
P bii from that of placebo. (hana. nw df 


SSH see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS in the 
brief summary of prescribing information on the final page of this advertisement. 
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BRISTOL-MYERS SQUIBB INTRODUCES 


A NEW DIRECTION 
-IN LIPID MANAGEMENT 


New a 


Pl AV) 2082/08 
pravastatin s sodium Uus 


Provides an exceptionally ¢ convenient 
regimen in cholesterol management 
—once-a-day bedtime dosing - 


PRAVACHOL? offers true once-a-day dosing 
at bedtime, with or without food. 


_ Usual dose: 20 mg at bedtime, 
with or without food 


, Les age range: 
=~ 10- a0 ma. mg. . Available i in 10 and 20 mg tablets. 


Excellent monotherapy for a wide range of patients 


PRAVACHOL is suitable for patients with primary hypercholester- 
olemia (Types IIa and IIb) with a cholesterol-lowering diet when diet 
alone has not been adequate. 


w 
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Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 


References: 1. Data on file, Bristol-Myers Squibb. 2. Jones PH, et al. Once-daily pravastatin in patients with primary 
hypercholesterolemia: a dose- bi ait study. Clin Cardiol. ra 14:146-151. 
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PRAVACHOL® (Pravastatin Sodium Tablets) 


CONTRAINDICATIONS 
ype ded Kia uiid medication. 
liver disease or unexplained, elevations in liver function tests (see WARN INGS). 
Pregnancy and lacta is a chronic process and discontinuation of lipid-lowering ae 
during pregnancy little im ort clacome NAN nerapyr o 
sterol and other products of erol biosynthesis arg essential component for fetal development 
(including synthesis of and cell membranes). Since HMG-CoA decr 
synthesis and possibly the synthesis of substances derived from cholesterol, 


other biologically active su they may 
cause fetal harm when administered to pregnant women. Lon rae HMG-CoA reductase inhibitors are con- 
randcated veu Av eai and in Wer ei À Ionon. Pravastatin to women of 


unlikely to conceive and have been informed of the 
rnr pak be nA If the patient becomes p ile taking this class of drug, therapy should be discon- 
inued and the patient J seat of the pctential hazard to the fetus. 
hene 


have been associated 
, AST) values to more 
‘occasions have been 
pe 18 months. These 
d Aeh av vane NOI 
and who were discon- 


patients in whom 
tinued from therapy, the transaminase levels wide d slowly to diem levels. "loi hese biochemical he ede 
and/or 


liver function tests should be performed during heap, with pravastatin. 

LT (SGPT), should be monitored before treatment begiris, every six weeks 
for the first three months, every aah weeks during the remainder of the first year, and periodically thereafter 
(e.g., at about six-month intervals). Special attention should be given to pali who develop increased trans- 
aminase levels. Liver function tests should be repeated to confirm an elevation and subsequently monitored 
at more eg tidy intervals. If increases in AST and ALT equal or exceed three times the upper limit of normal 
and should be discontinued. Persistence of signi aminotransferase 


persist, following 
discontinuation of therapy may warrant ation of liver biopsy. 

Active liver disease or unexplained inui pst snc —— are contraindications to the use of pravastatin 
(see CONTRAINGICATI ONS). Caution shou when ipm is administered to Phi umi with 
a history of liver disease or DAY Boon alcohol tne (see rer L PHARMACOLOGY. acokinetics/ 

Metabolism). Such vrl e er PM aria ec end td fun EION Gon: 


e, a d alodio the ces desired paar 
Muscle: o — funcion arret 


i due necessa a 


with pravastatin and other 
treated patients (see ADVERS REACT oS 


muscle 
conjunction with increases in creatine (vas to goaa thant tin he upper i limit 
of normal was to be possi 


in in only one patient in fica nae («0 99 Myopaty 
Souk *^ CPK Pone eral V win fuse to report sty plained muscl tend 
on OU i r romptly unex muscle pen. erness or 
j . Pravastatin be 


Shower vets we La has not been observed in Sica bale rivohn small num 
j with niacin. cor ep ined therapy 


seda 1 
clofibrate was aided to a previously well 


TONS rug o gambr One patient developed myopa 

tolerated regimen of gyre the J- MI ier fesoivod Wi i clofibrate ther bird stopped and pravastatin 
treatment iets lieg occasionally be ated with myopathy. The com- 
bined use of pravastatin and frio should generally be avoided. 

PRECAUTIONS 


General: Pravastatin may ne hy learn d TTA eh 
This should be considered mth in the erential iagnosis of chest pain in a patient on dcs with pravastatin 

Homozygous Familial Hypercholesterolemia. Pravastatin has not been evaluated es with rare 
loi corpi hypercholesterolemia. In this group of Teese it has been reported that HMG-CoA reduc- 

tase i are less effective because the patients lack functional LDL receptors. 

Renal Insufficiency. A single 20 mg oral dose of poen was qe to 24 patients with varying 
Yee wi poked “Ad determined by creatini no acie d o effect was observed on the pharma- 

of pravastatin or its 3a-hydroxy isomeric metabolite (SQ 31,906). A small increase was seen in mean 
RUC values and halle (t) or the inactive enzymatic ring hydroxylation metabolite (SQ 31,945). Given this 
small sample size, the dosage administered, and the degree of individual variability, patients with renal im- 
poner who are receiving pravastatin should be closely monitored. 

for Patients: Patients should be prada to report promptly unexplained muscle pain, tenderness 
or weakness, particularly if accompanied by m or fever. 
LÁ: poems Eonanosuppisesve Drugs, Gonibrozl Niacin (Nicotinic Acid), Erythromycin: See WARN- 

u 

Antipyrine: Clearance by the cytochrome P450 system was unaltered by concomitant administration of 

paan. Since pravastatin does not appear to induce hepatic drug-m izing es, Videos pee 
t any significant interaction of pravastatin with other drugs (e.g., phenytoin, quinidine) m by the 
cytochrome jus will occur. 

Cholestyram ipol: Concomitant administration resulted in an approximately 40 to 5096 decrease 
in the mean AUC of tin. However, when pem was pias i 1 hour before or 4 hours after 
cholestyramine or 1 hour before colestipol and a standard meal, th no clinically e Aerial = ae 
in bioavailability or therapeutic effect. (See DOSAGE AND. ADMINISTRATION. Concomi 

Warfarin: In a study involving 10 h V malo subjects given pravastatin and warfarin concomitan A 6 
du opeen bioavai parameters at steady state for ao a ee in send aei ent compound) were not altered. Pravastatin 
did not alter the SIME of warfari dosing did increase the AUC and Cmax of 
asker but eds not X uce m changes in isanicoaguat action hee e., no increase was seen in mean pro- 


bleeding and olongation of bin 
time doli ded sp d drug in this class. Patients nap bee fe n ede de should 
have Te prothrombin times closely monitored when pravastatin is ed or the dosage of p 


ravastatin is 
Coüeidine: The DV. in Pravastatin when 


r for iven with cimetidine was not significantly different from 
the AUC for en given alone. A sig observed pov 


den difference was the AUC's for 


Sgen tended to in- 
31,945 was not altered. 


statin Td pae: ,there was a onificant decrease in urinary excretion and protein binding of pravastatin. 
in addition, there was a increase in AUC, Cmax, max for n metabolite SQ 31,906. 
Combination therapy with pravastatin and gemfibrozil i is rally not recommended. 


In interaction studies with aspirin, antacids (1 hour prior to PRAVACHOL), (ceste nicotinic acid, or o 
statistically L (pravastatin SOC 


no sig differences in were seen when PRAV 
was administered. 
Other Drugs: During clinical trials, no noticeable drug interactions were reported when PRAVACHOL was 
added to: gunes ensives, digitalis, converting-enzyme inhibitors, calcium channel blockers, beta- 


Endocrine drin HMG-CoA reductase inhibitors interfere with cholesterol rhs | basen and lower circulating 
cholesterol levels and, as such, might theoretically blunt adrenal or one production. Results 
of clinical trials with pravastatin in males and post-menopausal females were inconsistent with regard to pos- 
sible effects of the on basal steroid hormone levels. In a study of 21 males, the mean testosterone response 
to human chorionic > gonadotropin was signifi | reduced (p< 0.004) after 16 weeks of treatment with 40 
pravastatin. ones Se Faber ad ts showing a > rise in pierre ostoon a 
t chorong gonado opin stimulation did not change Songan after pere rd seo pueris the 

effects of ira rgduciase inhibitors on ree i id and eriilty have in inal loas 

effects, if of de pre menopausal 


numbers of caros en 
in who display De pita evidence of pis a e euno 
reductase inh pay rne 


areunknown. Patente troai with pré 
be evaluated adl ae ane od io paleis alor MO ponad h 
sis inister eq SO receivi er drugs (eg., ketoconazole, 
activity of EET d 


nically similar drug in this class oligan dolio ee [ 
thal produced mean pinea drug eves about 30 times higher than fen mean drug evel in humans taking 
©1992 E.R. Squibb & Sons, Inc., Princeton, NJ 
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^ PP REC ee REN. ane Wes yu 


d 
e o mouse e dose wich resulted in a mean plasma drug level sim 
Aisah rment of Fertility: In a 2 por study in rats fed pravastatin at doses f i 


me^ LI Mad" i re.) Sr V DW A ER 
US "uid. hos DISTRI CDIC | TIONES 
, i ` * - , . r2 > 


the est recommended dose (as measured 1N ornamo aber a 
pale pee ibulocochlear rae Walon the ion and rainal ganglion cell chromatol epe e 


Carci ardent 

TAE Ae pt en Vig baa we was an increased i carcinomas in males 
atthe highest dose Se ley oe POSUER n M rats ge ony 8010 up to 125 times Sel human dose (HD) on a mg/kg 
body weight basis, serum tho 


10 times higher than those measured in humans 

given 40 mg pravastatin as measured Dy ALES 

The oral administration of 10, 30, or 1 mg/kg (producing plasma drug levels 05 to 50 times 
human drug levels at 40 mg) ol pravastatin to mice for 22 months resulted in a stati Iy Sgriicant increase 
in the incidence of phomas in nated formales when veame groups wera pooled and 
e incidence was not dose-related and male mice 
chemically similar drug in hs css was administered to mice fo 72 weeks at 28, 100, A ard 400 mon 
cal boy acy) atra 15, and 33 


were significantly increased in hi 

bed ee males. The i 

dose Drug tramant eno Man e EE e Tpi Meere iL inde ri 

dose males and females. Adenomas of the eye 

hi Dern gd MODAN DO trols. 
evidence of mutagenicity was observed in vitro, \ 

studies: microbial sy sar using mutant strains of Salmonella typhimurium or Escherichia coli; a for- 

178Y TK y by eldest om; a chromosomal aberration test in hamster 
pd roe Oa cranii iat in mice. 


vedrai 


al maturation). In rats treated with this same reductase i ibitor 


necrosis and loss of Spermoioüene 
gerent class caused d testicular atrophy, 
The clinical 


eased spermatogenesis, spermatocytic degeneration, and giant cell formation in dogs. 
Sonicare of these aisle Comes is a y 


PRO in | regan w women nol been established. Pravastatin was not teratogenic in rats at doses u 
to 1000m yor aba See dup S0 mg prs These doses resulted in eben caa 
(rat) red human se Sayed mena alie rface area (m owever, in studies with H 

ibitor, skeletal malf in MR PR mice PRAVACHOL ( in sodium) should 


be d to women of direi bearing p poenta only when such patients e ughy unli PE 

and have been informed of the schon the woman becomes pregnant while taking /ACHOL 

eei sodium), it should POOR OUR pil the patient advised End as to the potential hazards to 
e fetus. 


Nodingh Mothers: A small amount of pravastatin is excreted in human breast milk. Because of the potential 
in nursing infants, women taking PRAVACHOL should not nurse (see 


s adverse r 
GONTRAINDICATIONS) 
Pediatric Use: Saf sii Wc venote RT 1 old have not been established. H 
treatment in patients less than 18 years old is not recommended at is time (See also PRECAUTIONS: “General 


ADVERSE REACTIONS 
Pravastatin is well tolerated; 
eec Meee ‘aoa 1.7% of pravastatin-treated patients and 

inued from treatment because of adverse experiences attributed to study drug ther 
not statistically significant. In long-term studies, the most common d for disco 
tomatic serum transaminase increases and mild, non-specific c edi rns During clinical trials 
the overall incidence of adverse events in the elderly was not differ Sr rom the ence observed in younger 


patients. 
Adverse Clinical Events: All aame ie clinical even tal nd du alps of attribution) d in more than 296 of 
trials are identified in the table below; also shown are 


Se tose palenis and 120 dí placebo iroaled palk In 4-month 
eated ide, 
; this difference was 
inuation were p- 


degno nr A rr patients in the 
percentages of patients in rd y sad aer hoe Guents were believed to be related or possibly related to 


the drug: 
All Events 96 Events Attributed to Study Drug % 
Pravastatin Placebo Pravastatin Placebo 

Body System/Event (N=900) (N=411) (N=900) (N=411) 
Cardiovascular — 

Cardiac Chest Pain 40 34 01 00 
Dermatologic 

Rash 40* 11 13 09 
Gastrointestinal 

Nausea/Vomiting 73 74 29 34 

Diarrhea 6.2 56 20 19 

Abdominal Pain 54 69 20 39 

Constipation 40 7.1 24 51 

Flatulence 33 36 27 34 

Heartburn 29 19 20 07 
General 

Fatigue _ 38 34 19 10 

Chest Pain 37 19 03 02 

Influenza 24° 07 00 00 
Musculoskeletal 

Localized Pain 100 90 14 15 

Myalgia 27 10 06 00 
Nervous System 

Head 6.2 39 17* 0.2 

Dizziness 33 3.2 10 05 
Renal/Genitourinary 
B ey Abnormality 24 29 0.7 1.2 

espiratory 

Common Cold 70 63 0.0 0.0 

Rhinitis 40 41 01 00 

Cough 26 17 01 00 
*Statistically significantly different from 

The following effects have been reported with drugs in this class: 

Skeletal: , rhabdomyolysis. 

Neurological: unction of certain cranial nerves (including alteration of taste, impairment of extra-ocular 


esia, peripheral neuropathy, peripheral nerve 


a^ 
ipersensitivity Reactions:An apparent hypersensitivity syndrome has been nara which has in- 
Mec one or ies dA of the following features: anaphylaxis, angioedema, lupus indrome, 
pohrmvalo ia rheumatica, vasculitis, purpura, throm openia, DUDEN, hem E 
increase, arthritis, arthralgia, urticaria, asthenia, photosensitivity, lever, chills, ashing Sigler dyspnea 
toxic pean anki s necrolysis, erythema multiforme, including Stevens-Johnson syndrome. 
nal: pancreatitis, hepatitis, including chronic active hepatitis, cholestatic j "ois Gane 
in d and, rd cirrhosis, fulminant hepatic necrosis, and hepatoma; anorexia, TIO. 
Reproductive: gynecomastia, loss of libido, erectile E 
Eye: progression of cataracts (lens opacities), ophth oplegia. 


movement, facial paresis), tremor, vertigo, memory loss, par 


Served oco WA Test Abnormalities: Increases in serum transaminase (ALT, AST) values and CPK have x»: ob- 
n sod, ce ie rer i been reported. Eosinophil counts usually returned to normal 
atic eosi 
se connue therapy Anemia, throm and leukopenia have been reported with other HMG-CoA 
inhibitors 
Concomitant Therapy: has been administered concurrently with cholestyramine, colestipol, nicoti 
rag ee eee emfibrozil. Dron Prelim data su co tat the a addition of either probucol or gemfibrozil 
nie uat and gemi or isnot prc ah eater reduction in LOL-cholestercl than 


wit lovastatin or pravastatin he No adverse paca 


ue to the combination or in addition 
xu Tu and with 
with r 


OVERDOSAGE 
There have been no reports of overdoses with pravastat 
Should an accidental overdose occur, cba ght aniar A and institute supportive measures as AON) 
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Physicians took leading roles in informing patients of 
the health hazards of smoking. The result: millions 
have quit. 

Now, it's time to point out the medical risks of 
recreational drug use. Ask your patients if they use 
cocaine. Then give them the facts. 


Cocaine use can lead to**: M COUP 
Psychiatric symptoms ranging from irritability to 
paranoia 








it again. 


Cardiovascular problems including MI and cardiac 
arrest 


Cerebrovascular accidents from TIA to stroke 
CNS problems including seizures 


And a wide range of respiratory, renal, musculoskel- 
etal, and GI problems 


References: 1. A Report of the Surgeon General: Smoking and Health, publication 79-50066. 

US Department of Health, Education, and Welfare, 1979. 2. Bouknight LG, Bouknight RR: 
Cocaine—a particularly addictive drug. Postgrad Med 1988;83(4):115-B1. 3. Derlet RW: Cocaine 
intoxication. Postgrad Med 1989:86(5)245-253. 4. Buchanan JF: Cocaine intoxication: A review of 
the presentation and treatment of medical complications. Hospital Phys 1988;3:24-28. 


Drug Abuse 


You don't have to preach about it...teach about it 
Partnership for a Drug-Free America MT-277 
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Prospective Detection of Vulnerability to 
Sustained Ventricular Tachycardia in Patients 
Awaiting Cardiac Transplantation 


Bruce D. Lindsay, MD, Judy L. Osborn, RN, BSN, Kenneth B. Schechtman, PhD, 
Joseph L. Kenzora, MD, H. Dieter Ambos, and Michael E. Cain, MD 





This prospective study tested the hypothesis that 
abnormal signal-averaged electrocardiograms 
(ECGs) and inducible ventricular arrhythmias iden- 
tify patients awaiting cardiac transplantation who 
are prone to sustained ventricular tachycardia 
(VT) or ventricular fibrillation (VF). Thirty-seven 
patients with advanced symptoms of heart failure 
and a mean left ventricular ejection fraction of 20 
796 were studied. In response to programmed 
ventricular stimulation using up to 3 extrastimuli, 
sustained monomorphic VT was induced in 8 
(2296) and polymorphic VT or VF was induced in 
5 patients (1396). Patients with inducible arrhyth- 
mias underwent drug therapy guided by results of 
programmed ventricular stimulation or implanta- 
tion of a defibrillator. Patients in whom ventricular 
arrhythmias could not be induced were not treated 
for arrhythmias. The signal-averaged ECG was 
abnormal and sustained VT or VF was induced in 
10 patients (2796). Follow-up ranged from 1 to 33 
months (mean 12). Four patients (1196) died sud- 
denly and 4 (1196) had nonfatal sustained VT or 
VF. The positive predictive value for sudden death 
or nonfatal VT/VF was 27% for the signal-aver- 
aged ECG, 38% for programmed ventricular stim- 
ulation, and 50% if both tests were abnormal. The 
negative predictive values for these tests were 87, 
88 and 88%, respectively. The actuarial incidence 
of arrhythmic events was significantly higher in 
patients with inducible ventricular arrhythmias 
(p = 0.017) and in patients in whom both the re- 
sults of signal-averaged electrocardiographic anal- 
ysis and the response to programmed ventricular 
stimulation were abnormal (p = 0.002). This study 
demonstrates that results of signal-averaged elec- 
trocardiographic analysis and the response to pro- 
grammed ventricular stimulation improve risk 
stratification for sudden cardiac death in patients 
awaiting cardiac transplantation. 

(Am J Cardiol 1992;69:619-624) 


From the Cardiology Division, Washington University School of Medi- 
cine, St. Louis, Missouri. This study was supported in part by National 
Institutes of Health Grant HL17646 (Specialized Center of Research 
in Ischemic Heart Disease), Bethesda, Maryland. Manuscript received 
August 6, 1991; revised manuscript received and accepted November 4, 
1991. 

Address for reprints: Bruce D. Lindsay, MD, Assistant Professor of 
Medicine, Washington University School of Medicine, Box 8086 Cardi- 
ology, 660 South Euclid Avenue, St. Louis, Missouri 63110. 


ac transplantation are particularly vulnerable to 

sustained ventricular tachycardia (VT) or ven- 
tricular fibrillation (VF). The yearly incidence of sud- 
den cardiac death is reported to be 21% for patients 
with New York Heart Association functional class III 
symptoms.! Traditional determinants of risk are of 
modest clinical value in these patients because most 
have severe left ventricular dysfunction and complex 
ventricular ectopy. Moreover, empiric antiarrhythmic 
therapy in patients with severe heart failure has not 
been shown to reduce the incidence of sudden cardiac 
death and may be harmful? 

Accurate identification of patients awaiting cardiac 
transplantation at greatest risk for sustained ventricular 
arrhythmias is a prerequisite to the design and imple- 
mentation of clinical trials that will prospectively test 
the extent to which antiarrhythmic interventions reduce 
mortality from sudden cardiac death. Analysis of the 
signal-averaged electrocardiogram (ECG) and results of 
programmed ventricular stimulation have been shown 
to improve risk stratification for sudden cardiac death 
in patients recovering from acute myocardial infarc- 
tion.>-!! The implications of these studies are particular- 
ly relevant to the management of patients awaiting car- 
diac transplantation, in whom improved selection of pa- 
tients at risk for ventricular arrhythmias who would 
benefit from treatment is paramount. Accordingly, this 
prospective study was performed to test the hypothesis 
that abnormal signal-averaged ECGs and inducible ven- 
tricular arrhythmias identify patients with advanced 
heart failure and complex ventricular ectopic activity 
awaiting cardiac transplantation who are prone to the 
development of sustained VT or VF. 


p atients with advanced heart failure awaiting cardi- 


METHODS 

Patients (Table I): Patients with advanced heart fail- 
ure who were referred to the cardiac transplantation 
service were evaluated to determine their eligibility for 
this prospective study. Inclusion criteria were the pres- 
ence of asymptomatic, nonsustained VT detected on a 
48-hour ambulatory monitor and a left ventricular ejec- 
tion fraction «3596. Patients with atrial fibrillation, a 
history of sustained ventricular arrhythmias, or symp- 
tomatic ventricular ectopic activity were excluded. A to- 
tal of 37 patients met the inclusion criteria and consent- 
ed to participate in this study. The type and extent of 
organic heart disease were defined by cardiac catheter- 
ization. Twenty-one patients had nonischemic and 16 
patients had ischemic heart disease with a prior myo- 
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TABLE | Characteristics of the 37 Patients Studied 


Men/women 28/9 










Age (years): range (mean) 18—64 (49 + 11) 
Organic heart disease 

Nonischemic cardiomyopathy 21 (57%) 

Coronary artery disease* 16 (43%) 
Left ventricular ejection fraction (96) 20-7 
New York Heart Association functional class 

I 35 

IV 2 
Electrocardiogram with intraventricular 10 (27%) 






conduction abnormality (QRS » 
120 ms) 


*All subjects had a prior myocardial infarction. 
Data are mean + SD. 












cardial infarction. Mean left ventricular ejection frac- 
tion was 20 + 7%. Most patients were in New York 
Heart Association functional class III. ECGs from 10 
(27%) patients demonstrated intraventricular conduc- 
tion abnormalities. 

Study design: The investigation was approved by the 
Human Studies Committee and informed consent was 
obtained from each patient. Signal-averaged electrocar- 
diographic analysis and programmed ventricular stimu- 
lation were performed in the absence of antiarrhythmic 
drugs. Signal-averaged ECGs were recorded within 48 
hours of the electrophysiologic study. The results of 
signal-averaged electrocardiographic analysis were not 
available to the investigators until after electrophysio- 
logic testing had been completed. The decision to treat 
arrhythmias was based solely on the results of pro- 
grammed ventricular stimulation and was not influ- 
enced by the results of signal-averaged electrocardio- 
graphic or Holter analysis. Patients in whom sustained 
ventricular arrhythmias could not be induced were dis- 
charged without antiarrhythmic therapy. Patients were 
treated only if sustained VT or VF was induced. The 
efficacy of antiarrhythmic drug therapy was determined 
by the response to programmed ventricular stimulation. 
Patients in whom sustained ventricular arrhythmias re- 
mained inducible despite treatment with antiarrhythmic 
drugs underwent implantation of a cardioverter-defibril- 
lator. The end points of follow-up were death, nonfatal 
sustained ventricular arrhythmias and cardiac trans- 
plantation. 

Electrophysiologic studies: Programmed ventricular 
stimulation was performed with patients in the postab- 
sorptive, nonsedated state. Stimuli were rectangular 
pulses 1 ms in duration and were delivered at twice the 
diastolic threshold (<1 mA). The stimulation protocol 
included up to 3 extrastimuli during ventricular pacing 
at 600 and 400 ms and burst pacing at 250 to 350 ms 
from 2 right ventricular sites. The end point of stimula- 
tion was completion of the protocol or the initiation of 
sustained VT or VF (>30 seconds in duration or associ- 
ated with immediate hemodynamic decompensation). 

Signal-averaged electrocardiograms: Frank X, Y 
and Z lead electrocardiographic signals were recorded 
during sinus rhythm over a passband from 0.05 to 470 
Hz, amplified 1,000-fold, digitized at 1 KHz with 12 
bits of precision, and averaged by the use of methods 
reported previously.!? Spectral estimates of a data inter- 


TABLE II Response to Programmed Ventricular Stimulation, 
Therapy Selected, and Type of Heart Disease 


Response to PVS No. (76) CAD NIHD 


Sustained monomorphic VT 8 (22%) 5 

Polymorphic VT or VF 5 (13%) 

Nonsustained VT (> 3 beats) 8 (22%) 

No ventricular arrhythmias 16 (43%) 

CAD = coronary artery disease; NIHD = nonischemic heart disease; PVS = 


programmed ventricular stimulation; VF = ventricular fibrillation; VT = ventricular 
tachycardia. 





val that included the terminal 40 ms of the QRS com- 
plex and the entire ST segment of each signal-averaged 
X, Y and Z lead were computed by using the fast-Fou- 
rier transform. A 512-point fast-Fourier transform was 
performed on the data interval after multiplication by a 
4-term Blackman-Harris window to reduce spectral 
leakage. Transformed data were expressed as a spectral 
mamutude, which was analyzed as described previous- 
ly.13-1 

Statistics: Data were analyzed using SAS!6-!7 as im- 
plemented on the UNIX system. Results are expressed 
as mean + standard deviation. Kaplan-Meier survival 
curves were generated using the LIFETEST procedure 
of SAS. The generalized Wilcoxon test was used to 
compare survival curves. 


RESULTS 

Response to programmed ventricular stimulation 
(Table Il): Sustained ventricular arrhythmias were in- 
duced in 13 patients. Sustained monomorphic VT (cycle 
length 200 to 240 ms) was induced in 8 patients. VT 
exhibited a right bundle branch block QRS morphology 
in 4 patients and a left bundle branch block QRS mor- 
phology in 4 patients. The induced VT was hemody- 
namically unstable in each patient and required direct- 
current cardioversion to restore sinus rhythm. Sustained 
polymorphic VT or VF was induced in 5 patients. Non- 
sustained VT (3 to 12 beats) was induced in 8 patients. 
No arrhythmias were induced in the remaining 16 pa- 
tients. 

Concordance between signal-averaged electrocar- 
diograms and programmed ventricular stimulation: 
Figure 1 illustrates the relation between the results of 
signal-averaged electrocardiographic analysis and the 
response to programmed ventricular stimulation. The 
results were concordant in 21 patients (57%). Abnor- 
malities were detected in the signal-averaged ECG and 
a sustained ventricular arrhythmia was induced in 10 
patients (27%). In 11 patients (30%), results of both 
tests were normal. Thirteen patients (3596) were not in- 
duced into a sustained ventricular arrhythmia despite 
an abnormal signal-averaged ECG. Only 3 (8%) pa- 
tients induced into a sustained ventricular arrhythmia 
had normal signal-averaged ECGs. 

Antiarrhythmic therapy: The efficacy of antiar- 
rhythmic drugs was assessed by the response to pro- 
grammed ventricular stimulation in each of the 13 pa- 
tients with inducible sustained ventricular arrhythmias. 
Antiarrhythmic drugs were effective in only 5 patients 
(amiodarone 3, encainide 2, quinidine 1). An automatic 
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End Point of 
Follow-Up 
























Nonsudden cardiac death 2 (5%) 


1 AICD l 

1 no treatment l 
Sudden death 4 (1196) 

] encainide 

3 no treatment l 
Nonfatal VT or VF 4 (11%) 

] amiodarone l 

2 AICD 2 


] no treatment 


Cardiac transplantation 13 (35%) 
2 amiodarone l 
1 encainide 
1 AICD 1 
9 no treatment 7 
Alive, no events 14 (38%) 
1 quinidine l 
2 AICD 
11 no treatment l 


cardioverter-defibrillator was implanted in 6 of the 
7 patients who underwent intraoperative defibrillation 
threshold testing. The cardioverter-defibrillator was not 
implanted in 1 patient because of a defibrillation thresh- 
old of 40 J. This patient was subsequently treated with 
amiodarone. In the other patients the defibrillation 
thresholds ranged from 15 to 25 J. One patient who 
remained inducible despite treatment with antiarrhyth- 
mic drugs declined any treatment. In accordance with 
the protocol, none of the 24 patients without inducible 
sustained arrhythmias were treated. 

Follow-up (Table Ill): End points of follow-up were 
death (sudden and nonsudden), nonfatal VT or VF, and 
cardiac transplantation. Follow-up ranged from 1 to 33 
months (mean 12 + 9). Table III summarizes the rela- 
tion between induced arrhythmias, antiarrhythmic ther- 
apy, the type of heart disease, and end points of follow- 
up. 

Six of the 37 patients (1690) died. Two patients died 
of intractable heart failure. Four (11%) died suddenly 
at home. Three of these 4 patients were not inducible 
into sustained VT or VF by programmed ventricular 
stimulation. The signal-averaged ECG was abnormal in 
1 of the 3 noninducible patients. The 1 inducible patient 
had an abnormal signal-averaged ECG and was receiv- 
ing treatment with encainide when sudden death oc- 
curred. 

Four (11%) patients had nonfatal sustained VT or 
VF. All had been inducible into sustained VT. Sus- 
tained VT occurred in 1 patient 3 weeks after treatment 
with amiodarone had been initiated. Sustained VT/VF 
was terminated in 2 patients by an implantable cardio- 
verter-defibrillator. Nonfatal sustained VT occurred in 
the 1 patient induced who declined any therapy. 

Sixteen patients (43%) have undergone cardiac 
transplantation. Five of these patients had been treated 
with antiarrhythmic drugs and 2 had an automatic car- 
dioverter-defibrillator implanted based on the re- 


TABLE Iii Results of Follow-Up and Relation to Antiarrhythmic Therapy 


Heart Disease Duration of 
Response Follow-Up 
IHD NIHD to PVS (weeks) 


AICD = automatic implantable cardioverter-defibrillator; IHD = ischemic heart disease; NIHD = nonischemic heart 
disease; PVS = programmed ventricular stimulation; VF = ventricular fibrillation; VT = ventricular tachycardia. 
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VF 68 
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l VF 62 

2 Not inducible 56,64, 112 
VT 4 
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2 VF 60,110 
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sponse to programmed ventricular stimulation. Sus- 
tained VT/VF occurred clinically in 3 patients who had 
inducible monomorphic VT. One of these patients had 
declined therapy, 1 had documented VT that was suc- 
cessfully terminated by an implanted cardioverter-defi- 
brillator, and 1 patient who had been treated with amio- 
darone developed recurrent monomorphic VT during 
conditions of worsening heart failure that occurred im- 
mediately before transplantation. The other 9 patients 
who had successful transplantation had not been induci- 
ble, were not treated, and did not experience spontane- 
ous ventricular arrhythmias. 

Fourteen patients (38%) have remained event free. 
Three of these patients were inducible into VF and were 
treated with quinidine (1 patient) or underwent implan- 
tation of an automatic cardioverter-defibrillator (2 pa- 
tients). Eleven patients not inducible by programmed 
ventricular stimulation remain untreated. 


+SAECG : +PVS 


-SAECG : -PVS 


-SAECG : «PVS +SAECG : -PVS 





FIGURE 1. Concordance of the results of analysis of the sig- 
nal-averaged electrocardiogram (SAECG) and the response to 
programmed ventricular stimulation (PVS). Normal (—) and 
abnormal (+) signal-averaged electrocardiograms were de- 
fined by the use of the fast-Fourier transform. Induction of 
sustained ventricular tachycardia or fibrillation defined a posi- 
tive (+) response to programmed stimulation. Non- 

or the induction of nonsustained arrhythmias con- 
stituted a negative (—) study. 
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TABLE IV Predictive Value of Signal-Averaged Electrocardiograms and Programmed 
Ventricular Stimulation 


Criteria Sensitivity Specificity 

SAECG 6/8 (75%) | 12/29 (41%) 

PVS 5/8 (63%) 21/29 (72%) 

SAECG & PVS 5/8 (63%) 24/29 (83%) 
(both positive) 


+ Predictive — Predictive Predictive 
Value Value Accuracy 


6/22 (27%) 13/15 (87%) 19/37 (51%) 
5/13 (38%) 21/24 (88%) 26/37 (70%) 
5/10 (50%) 24/27 (88%) 29/37 (78%) 


PVS = programmed ventricular stimulation; SAECG = signal-averaged electrocardiogram. 


Predictive values of the signal-averaged electrocar- 
diogram and programmed ventricular stimulation: Ta- 
ble IV summarizes the value of signal-averaged elec- 
trocardiographic analysis and programmed ventricular 
stimulation to prospectively predict the clinical occur- 
rence of fatal and nonfatal sustained ventricular ar- 
rhythmias. The signal-averaged ECG had a positive 
predictive value of 27% and a negative predictive value 
of 87%. The predictive power of programmed ventricu- 
lar stimulation was comparable. The positive predictive 
value was 38% and the negative predictive value was 
86%. Four of the 8 patients (50%) with inducible mono- 
morphic VT had a spontaneous arrhythmia. One of the 
5 patients (20%) induced into VF died suddenly. Risk 
stratification was also assessed by combining the re- 
sults of signal-averaged electrocardiographic analysis 
and programmed ventricular stimulation. The positive 
predictive value of an abnormal signal-averaged ECG 
and an inducible arrhythmia was 50%. The negative 
predictive value was 88% when results of these tests 
were discordant or when both were normal. 

Figure 2 compares the cumulative freedom from 
nonfatal VT or sudden cardiac death for the 23 patients 
with abnormal signal-averaged ECGs and for the 14 pa- 
tients in whom results of signal-averaged electrocardio- 
graphic analysis were normal. Although patients with 
abnormal signal-averaged ECGs had a higher incidence 
of nonfatal and fatal sustained ventricular arrhythmias, 
differences in the actuarial curves were not significant 
(p = 0.07). 
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The incidence of clinical events was significantly 
higher (p = 0.017) in the group of 13 patients inducible 
into sustained ventricular arrhythmias compared with 
the number of events in the group of 24 patients who 
were not inducible (Figure 3). 

Significant differences (p = 0.002) were also 
achieved when results of signal-averaged electrocardio- 
graphic analysis and the response to programmed ven- 
tricular stimulation were combined. Figure 4 illustrates 
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FIGURE 3. Cumulative freedom from sudden death or docu- 
mented sustained ventricular arrhythmias in patients stratified 
by the results of programmed ventricular stimulation. 
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FIGURE 4. Cumulative freedom from nonfatal sustained ven- 
tricular tachycardia or sudden cardiac death in patients with 
abnormal signal-averaged electrocardiograms and inducible 
sustained arrhythmias (HIGH RISK), and in patients in whom 
results of signal-averaged analysis and 
were discordant or 
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the cumulative freedom from nonfatal VT or sudden 
cardiac death for the 10 patients (high-risk group) with 
abnormal signal-averaged ECGs and inducible ventric- 
ular arrhythmias compared with clinical arrhythmic 
events for the 27 patients (low-risk group) in whom re- 
sults of signal-averaged electrocardiographic analysis 
and the response to programmed ventricular stimulation 
were discordant or both tests were normal. 

Six of the 37 patients (16%) in this study were treat- 
ed with antiarrhythmic drugs, which could have had ei- 
ther a beneficial or an adverse effect on outcome. Ac- 
cordingly, the cumulative freedom from nonfatal VT or 
sudden cardiac death was recalculated after the 6 pa- 
tients who were treated with drugs were excluded from 
analysis. Differences in actuarial event-free survival re- 
mained significant for inducible versus noninducible pa- 
tients (p = 0.017) and for patients with abnormal sig- 
nal-averaged ECGs who were inducible compared with 
patients in whom results of signal-averaged electrocar- 
diographic analysis and the results of programmed ven- 
tricular stimulation were discordant or both tests were 
normal (p = 0.013). The difference for patients with 
normal compared with those with abnormal signal-aver- 
aged ECGs was not significant. 

: One patient developed a deep venous 
thrombus in the right leg that may have been related to 
either the electrophysiologic study or a cardiac catheter- 
ization. During implantation of an automatic cardio- 
verter-defibrillator another patient developed a transient 
elevation of pulmonary arterial resistance. 


DISCUSSION 

Patients who require a heart transplantation often 
wait several months before an appropriate donor can 
be identified. During this interval, many patients die 
suddenly from sustained ventricular arrhythmias. The 
purpose of this study was to prospectively determine the 
extent to which the signal-averaged ECG and pro- 
grammed ventricular stimulation identify patients 
awaiting cardiac transplantation who have fatal or non- 
fatal sustained ventricular arrhythmias. Major features 
of this study were inclusion of patients at high risk for 
sudden cardiac death based on traditional criteria of de- 
pressed left ventricular function and complex ventricu- 
lar ectopy, restriction of antiarrhythmic therapy to only 
those patients induced into sustained ventricular ar- 
rhythmias, and use of implantable cardioverter-defibril- 
lators in many patients obviating unresolvable issues 
pertinent to potential proarrhythmic effects of antiar- 
rhythmic drugs. 

Predictive value of the signal-averaged electrocar- 
diogram: Signal-averaged ECGs were interrogated by 
methods of spectral analysis because the validity of this 
approach has been established in patients with conduc- 
tion abnormalities!4!8-1? and those with nonischemic as 
well as ischemic heart disease.'> When used alone, the 
signal-averaged ECG had a positive predictive accuracy 
of 27% and a negative predictive accuracy of 87%. 
These results are comparable to those reported previ- 
ously in prospective studies that tested the predictive 
value of time-domain analysis of signal-averaged ECGs 


for identifying patients after myocardial infarction at 
risk for sustained ventricular arrhythmias.^!! The rela- 
tively low positive predictive accuracy in these studies 
underscores the need to refine methods of analysis. Re- 
cently, spectral estimates and time-domain reconstruc- 
tions based on the inverse Fourier transform of the en- 
tire cardiac cycle of signal-averaged ECGs have identi- 
fied previously undefined spectral and temporal features 
in ECGs from patients with VT.?? Further studies are 
required to test the extent to which analysis of these 
additional spectral and temporal features improves the 
prospective identification of patients at risk for life- 
threatening ventricular arrhythmias. 

Predictive value of programmed ventricular stimu- 
lation: Results of some but not all studies have shown 
that the response to programmed ventricular stimula- 
tion can be relied on to stratify risk for sustained ven- 
tricular arrhythmias in patients with nonsustained ven- 
tricular arrhythmias.?!-?? Discordant results reflect dif- 
ferences in study design, stimulation protocols, end 
points of programmed ventricular stimulation, and in- 
clusion of patients at low risk. Moreover, the response to 
programmed ventricular stimulation may be of less 
prognostic value in patients with nonischemic cardiomy- 
opathy than in patients who have a history of myocardi- 
al infarction. 

In the present study, a uniform programmed ventric- 
ular stimulation protocol was used in patients with isch- 
emic and nonischemic heart disease. Abnormal end 
points of programmed ventricular stimulation included 
the initiation of sustained VT or VF. Although the clini- 
cal impact of the induction of VF in patients recovering 
from myocardial infarction has been challenged,® we 
chose to include the initiation of VF as an objective end 
point because patients awaiting cardiac transplantation 
are especially prone to rapid, unstable ventricular ar- 
rhythmias, and no other studies have definitively deter- 
mined the implications of inducing VF in this group of 
patients. When used alone, the initiation of sustained 
VT or VF had a positive predictive value of 38% and a 
negative predictive value of 88%. These results are com- 
parable to those reported in patients recovering from 
myocardial infarction.® In the present study, the re- 
sponse to programmed ventricular stimulation and the 
outcome of follow-up were independent of the type 
of underlying heart disease. Results demonstrate that 
event-free survival is decreased in patients induced into 
sustained ventricular arrhythmias compared with pa- 
tients who are not induced. 

Combined power of the signal-averaged electrocar- 
diogram and programmed ventricular stimulation: The 
finding of both an abnormal signal-averaged ECG and 
inducible sustained ventricular arrhythmias had a posi- 
tive predictive value of 50% and a negative predictive 
value of 88%. Specifically, 5 of the 10 patients (50%) 
who were induced into a sustained ventricular arrhyth- 
mia and who had an abnormal signal-averaged ECG 
had a fatal or nonfatal sustained ventricular arrhythmia 
clinically. Five of the 8 patients (63%) who had an ar- 
rhythmic event during follow-up were identified pro- 
spectively by these criteria. Whereas the combined re- 
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sults of signal-averaged electrocardiographic analysis 
and programmed ventricular stimulation may improve 
stratification of risk for the development of sustained 
VT or VF, this study was not designed to prove whether 
the predictive value obtained by combined test results is 
superior to the value of the individual test results. 

Impact of therapy: Accurate identification of pa- 
tients awaiting cardiac transplantation at risk for sud- 
den cardiac death will only be important clinically if 
antiarrhythmic interventions in patients at high risk 
have a favorable impact on the number of patients who 
survive to transplant. Limited data are available on 
the impact of prophylactic antiarrhythmic therapy in 
asymptomatic patients considered at increased risk for 
VT or VF, based on the results of signal-averaged elec- 
trocardiographic analysis or on the response to pro- 
grammed ventricular stimulation. Wilber et al? how- 
ever, showed that mortality is reduced in patients dis- 
charged on antiarrhythmic drugs found to be effective 
(based on programmed ventricular stimulation) com- 
pared with patients who remained inducible despite 
treatment with antiarrhythmic drugs. 

Although the present study was not designed to de- 
termine the impact of treatment on survival, it is en- 
couraging that none of the patients died suddenly within 
the first year of follow-up. This result compares favor- 
ably to the 21% yearly incidence of sudden cardiac 
death reported in a recent multicenter study.! More- 
over, when patients who were treated with antiarrhyth- 
mic drugs were excluded from analysis, the cumulative 
freedom from nonfatal VT or sudden cardiac death in 
patients judged to be at high risk for an arrhythmic 
event (based on the response to programmed ventricular 
stimulation and the results of signal-averaged electro- 
cardiographic analysis) differed markedly from patients 
who were judged to be at low risk for these events. This 
analysis excludes the possibility that the increased risk 
of an arrhythmic event was attributable to the use of 
antiarrhythmic drugs in patients with inducible arrhyth- 
mias. 

Summary: Results of signal-averaged electrocardio- 
graphic analysis and the response to programmed ven- 
tricular stimulation improve risk stratification for sud- 
den cardiac death in patients awaiting cardiac trans- 
plantation. A controlled investigation is required to 
determine whether antiarrhythmic treatment will re- 
duce mortality in patients judged at high risk for sus- 
tained ventricular arrhythmias. The results of this study 
provide an objective basis and strong rationale to test 
this hypothesis. 
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The most effective antiarrhythmic 
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Cordarone? is intended for use only in patients with the indicated 


life-threatening arrhythmias because its use is accompanied by 
serious adverse reactions. 
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Cordarone? (amiodarone HCI) Tablets 
BRIEF SUMMARY 
(See Package Circular for full prescribing information.) 


Indications and Usage: Because of life-threatening side effects and 
Substantial management difficulties (See "Warnings" below) use only 
for treating documented, life-threatening recurrent ventricular 
fibrillation or recurrent hemodynamically unstable ventricular 
tachycardia that are unresponsive to documented adequate doses of 
other antiarrhythmics or when alternative agents are not tolerated. 


Controlled trials show no evidence that Cordarone favorably affects 
Survival. 


For use only by physicians familiar with and with access to (directly or 
via referral) all available modalities for treating recurrent life- 
threatening ventricular arrhythmias, including access to appropriate 
monitoring facilities and continuous electrocardiographic monitoring 
and electrophysiologic techniques. Due to the life-threatening nature of 
the arrhythmias treated, potential interactions with prior therapy, and 
potential arrhythmia exacerbation, start Cordarone in a hospita setting. 


Contraindications: Severe sinus-node dysfunction, with marked 
Sinus bradycardia; 2nd- and 3rd-degree atrioventricular (AV) block: 
episodes of bradycardia which cause syncope (except when used with a 
pacemaker); known hypersensitivity to the drug. 









Warnings: Cordarone is intended for use only in patients 
with the indicated life-threatening arrhythmias because its 
use is accompanied by substantial toxicity. 
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The difficulty of using Cordarone effectively and safe 
itself poses a significant risk to patients. Patients with the 
mias must be hospitalized while the 
dose of Cordarone is given, and a response 
ly requires at least one week, usually two or more. 
ret due and elimination are variable, 

mai ose selection is difficult, and it is not 
unusual to require dosage decrease or discontinuation of 
treatment. In a retrospective survey of 192 patients with 
ventricular tachya mias, 84 required dose reduction 
and 18 required at least temporary discontinuation because 
of adverse effects, and several series have reported 15 to 
20% overall frequencies of discontinuation due to adverse 
reactions. The time at which a previously controlled life- 
threatening mia will recur after discontinuation or 
dose adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at = 
time and ge ge prolonged hosp 
substitute other antiarrhythmic Corda 
must be will be made difficult by the gradually, but 
unpredictably, changing amiodarone body burden. A 
similar problem exists when Cordarone is not effective: it 
still poses the risk of an interaction with whatever 
subsequent treatment is tried. 

















PULMONARY TOXICITY: Cordarone may cause a s 


drome of cough 
and progressive ave with functional, radiographic, gallium-scan 


and pathological data consistent with pulmonary toxicity; frequency 
usually varies from 2-796, but can be as high as 10-1 7%, Thus, at start 
of therapy, perform baseline chest x-ray and pulmonary-function tests, 
including diffusion capacity. Repeat history, physical exam (PE), and 
chest x-ray every 3-6 months. 


Preexisting pulmonary disease does not appear to increase risk of 
toxicity; however, prognosis is poorer if pulmonary toxicity develops. 
Cordarone-induced pulmonary toxicity seems to result from indirect 
(hypersensitivity pneumonitis) or direct (interstitial/alveolar 
pneumonitis) toxicity. 
S pnaumontts usually appears early in therapy; 
results in a more rapid and severe recurrence. 

Br veolar lavage is procedure of choice to confirm diagnosis, 
made when a T io (CD8 - positive) lymphocytosis 
noted. Treat with steroids and stop Cordarone. 
Interstitial/alveolar pneumonitis, characterized by diffuse alveolar 
damage, interstitial pneumonitis or fibrosis in lung biopsies. — 
Phospholipidosis (foamy cells, foamy OO) is present in most 
cases of Cordarone-induced pulmonary toxicity; however, this also 
occurs in approximately 5096 of all Cordarone patients. Use these cells 
as therapy markers, not evidence of toxicity. If interstitial/alveolar 
pneumonitis is ces agp reduce dose or, preferably, withdraw - 
Cordarone, especially if other acceptable antiarrhythmics are available. 
Where these measures were instituted, symptoms usually decreased in 
the first week; most clinical improvement was in first 2-3 weeks. Chest 
X-ray changes usually resolve in 2-4 months. Some experts feel 
steroids may be helpful. Prednisone (40-60 olay) or equivalent 
doses of other steroids have been used and tapered over several weeks. 
At times rechallenge at a lower dose will not result in return of toxicity. 

Suggest lower loading and maintenance doses are associat 
with a lower incidence of pulmonary toxicity. 
In Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; repeat and evaluate history, PE chest 
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X-ray, and pulmonary-function tests (with diffusion capacity). A 1596 
decrease in dilfusion capacily has a high sensitivity but only a 
moderate specificity for pulmonary toxicity; as decreases in diffusion 
capacity approach 30%, sensitivity decreases but specificity increases. 
A diagnostic gallium scan may also be performed. 

Fatalities from pulmonary toxicity occur in about 10% of cases. 
However, when life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HCI) cautiously if drug-induced pulmonary 
toxicity is suspected. As the most common cause of death in these 
patients is sudden cardiac death, first rule out other causes of 
respiratory impairment. Bronchoalveolar lavage or lung biopsy may be 
necessary to confirm the diagnosis, especially when there is no 
acceptable alternative therapy. 


if "peel agi pneumonitis is diagnosed, stop Cordarone and treat 
with steroids. If Cordarone-induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, preferably, stop Cordarone or, minimally, 
reduce the dose. Some cases may resolve after dose reduction and 
Steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis; however, pulmonary lesions 
are irreversible in some. 


WORSENED ARRHYTHMIA: Cordarone may cause serious 
exacerbation of a presenting arrhythmia, possibly enhanced by 
concomitant antiarrhythmic nerap. Exacerbation (about 2-5% in most 
series), includes new ventricular fibrillation, incessant ventricular 
tachycardia, increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foci in 2-4% of patients 


LIVER INJURY: Increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if increase 
exceeds 3 times normal, or doubles in patient with elevated baseline. 
Rarely, hepatic failure has been fatal 


PREGNANCY — PREGNANCY CATEGORY D: Cordarone is embryotoxic 
(increased fetal resorption and growth retardation) in rats at 18 times 
the maximum recommended oral maintenance dose Similar results are 
Seen in one mice strain at about 1/2 the maximum recommended 
maintenance dose or higher, but not in a second strain nor rabbits at 
doses up to 9 times the maximum recommended maintenance dose. 


Neonatal hypo- or hyperthyroidism: In utero exposure can cause 
fetal harm. There are some reports of congenital goiter/ hypothyroidism 
and hyperthyroidism. If used anytime during pregnancy apprise patient 
of potential fetal hazard. In general, use during pregnancy only if 
potential benefit to the mother justifies unknown fetal risk. 


Precautions 


CORNEAL MICRODEPOSITS; IMPAIRMENT OF VISION: Corneal 
microdeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up to 1096 of patients have symptoms 
like visual halos or blurred vision. Microdeposits are reversible if dose 
reduced or treatment stopped; if asymptomatic, no need to reduce dose 
or stop drug. 


PHOTOSENSITIVITY: Seen in about 1096 of patients; sun-barrier 
creams or protective clothing may afford some protection. On long- 
term therapy, may have a blue-gray skin discoloration of exposed skin. 
Fair complexion or excess sun exposure may increase risk: also may 
be related to cumulative dose and therapy duration. 


THYROID ABNORMALITIES: Cordarone inhibits conversion of 
thyroxine (T4) to triiodothyronine (T4) and may cause increased 
thyroxine, decreased T», and increased levels of inactive reverse T4 
(ra) in clinically euthyroid patients. Due to its release of inorganic 
iodine, or perhaps other reasons, Cordarone can cause either hypo- or 
hyperthyroidism. Monitor thyroid function before treatment and 
periodically thereafter, particularly in the elderly and those with history 
of thyroid nodules, goiter, or other thyroid dysfunction. Due to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid function, and abnormal thyroid-function tests 
may persist for weeks or months after withdrawal. 


pothyroidism occurred in 2-4% of patients in most series, but in 8- 
10% in some. To treat, reduce Cordarone dose and/or give thyroid 
hormone supplement. Individualize therapy; may need to stop 
Cordarone. 


Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypothyroidism due to 
possible arrhythmia Vorgang or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Flat TSH response to TRH is confirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 

V ab aggressive medical treatment is indicated, including, 
if possible, dose reduction or Cordarone withdrawal. Antithyroid drugs, 
B-blockers and/or temporary steroid therapy may be needed. (See full 
prescribing information for additional information regarding treatment). 


SURGERY: Hypotension Postbypass: Rarely, hypotension is seen on 
cessation of cardiopulmonary bypass during open-heart surgery in 
Cordarone patients; relationship to Cordarone is unknown. 

Adult Respiratory Distress Syndrome (ARDS): Rarely, ARDS 
occurs in Cordarone patients after surgery. Patients usuall respond to 
vigorous respiratory therapy; rarely, the outcome is fatal. The 
mechanism may be generation of superoxide radicals during 

red gi therefore, keep operative FiO, as close to room air as 
possible. 


LABORATORY TESTS: Elevated liver enzymes (SGOT and SGPT) can 

occur, monitor closely if high maintenance doses used. Consider dose 

reduction or stopping therapy if significant elevations persist or 

hepatomegaly occurs. 

Thyroid-function tests (increased T, and reverse T, and decreased T 
be "ms despite these changes, most patients remain clinically 

euthyroid. 


DRUG INTERACTIONS: Few drug-drug interactions have been explored 
formally but most have shown an interaction. Thus, anticipate other 
interactions, especially drugs with potentially serious toxicity, like other 
antiarrhythmics. With its long, variable half-life, a potential for 
interaction also exists with drugs given after stopping Cordarone. 
Digitalis: Serum digoxin increases (by up to 70%) and may reach 
toxic levels; onset is about 1 day. On initiation of Cordarone, 
review need for digitalis and reduce its dose by about 50% 
or stop it. If digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions probably also apply to digitoxin. 


Anticoagulants; Potentiation of warfarin-type pcp Sine 
is almost always seen and can result in serious or fatal bleeding. 
Prothrombin time may increase by 10096; onset is 3 to 4 days. 
Reduce anticoagulant dose by 1/3 to 1/2, and monitor 
prothrombin times closely. 


Antiarrhythmic Agents: ty be they have been used concurrently 
with Cordarone, steady-state levels of quinidine, procainamide, and 
phenytoin may increase during such combined therapy. Quinidine 
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Serum concentrations may increase by 3396 within 2 days. 


Procainamide serum concentrations may increase by 55% (n-acetyl 
procainamide by 3396) in « 7 days. In general, reserve such 
combinations for patients with life-threatening ventricular arrhythmias 
incompletely responsive to a single agent, or incompletely responsive 
to Cordarone (amiodarone HCI), and start any added antiarrhythmic at a 
lower than usual dose with careful monitoring. During transfer to 
Cordarone, reduce dose of previous agents 30-50% several days after 
adding Cordarone, when arrhythmia suppression should be starting. 
After Cordarone effects are established, discontinue other 
antiarrhythmics if possible. If treatment is maintained, continue 
monitoring carefully for adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. In Cordarone 
patients requiring additional antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 

Use Cordarone cautiously with B-blockers or calcium antagonists as 
bradycardia, sinus arrest, and AV block may be potentiated: if 
necessary, Cordarone can continue after pacemaker insertion in 
patients witb severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
if hypokalemia is present; correct any potassium or magnesium 
deficiency before starting drug. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male and female rats at 8 x the highest 
recommended human maintenance dose. Cordarone caused a 
Statistically significant, dose-related increase in thyroid tumors in rats. 
Incidence greater than control even at lowest dose tested, i.e., about 1/2 
the highest recommended human maintenance dose. Mutagenicity 
Studies were negative. 

PREGNANCY: PREGNANCY CATEGORY D — See Warnings. 


LABOR AND DELIVERY: Occurrence of adverse effects during labor or 
delivery is unknown. Preclinical studies in rodents have shown no 
effect on gestation duration or parturition. 


NURSING MOTHERS: Cordarone is excreted in human milk: breast- 

feeding may expose nursing infants to a significant drug dose. Nursing 

offspring of lactating rats given Cordarone were less viable and had 

d DOM gains. Advise mothers to discontinue nursing 
ore taking. 


PEDIATRIC USE: Safety and effectiveness have not been established. 


Adverse Reactions: Adverse effects are very common (about 3/4 of 
all patients) with doses of 400 mg/day or more, and cause 7-18% to 
discontinue. The most serious are pulmonary toxicity, arrhythmia 
exacerbation, and rare serious liver injury (see "Warnings" ), but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and virtually always reversible by stopping 
Cordarone. Most adverse effects appear more frequent with continued 
treatment beyond 6 months; rates appear relatively constant beyond 
one year. Neurologic problems, including malaise and fatigue, tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy are common (20-40% of patients); these may respond to 
dose reduction, rarely need to stop therapy. 


Gastrointestinal (GI) complaints, commonly seen with high doses 
(i.e., loading dose), usually respond to dose reduction or divided 
doses; rarely need to stop drug. 


Asymptomatic corneal microdeposits. See Precautions and full 
prescribing information. 


Photosensitivity. See Precautions and full prescribing information. 


Cardiovascular adverse reactions, other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (396) and 
bradycardia. Bradycardia usually responds to dose reduction but may 
require a pacemaker. CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur infrequently and are reversible upon 
stopping drug. 

The following side-effect rates are based on a retrospective study of 
241 patients treated for 2 to 1,515 days (mean 441. days). 


Each reported in 10-33% of patients: Gl-Nausea and vomiting. 


Each reported in 4-9% of patients: Dermatologic-Solar 
dermatitis/photosensitivity; Neurologic-Malaise and fatigue, 
tremor/abnormal involuntary movements, lack of coordination, 
abnormal M dizziness, paresthesias; Gl-Constipation, 
anorexia; Ophthalmologic—Visual disturbances; Hepatic-Abnormal 
liver-function tests; Respiratory—Pulmonary inflammation or fibrosis. 


Each reported in 1-3% of ponis Thyroid—Hypo- or 

Lane a Neurologic—Decreased libido, insomnia, headache, 
Sleep disturbances; Cardiovascular-CHF, cardiac arrhythmias, SA 
node dysfunction; Gl-Abdominal pain; Hepatic-Nonspecific DER 
disorders; Other—Flushing, abnormal taste and smell, edema, abnormal 
salivation, coagulation abnormalities. 


Each reported in « 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosis, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis, cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most frequently requiring Cordarone discontinuation 
include pulmonary infiltrates or fibrosis, paroxysmal ventricular 
tachycardia, CHF, and elevated liver enzymes. Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, hyper- or hypothyroidism. 

Overdosage: The few reports of Cordarone overdose, in which 3 to 8 
grams were taken, resulted in no deaths or permanent bra Animal 
Studies indicate that Cordarone has a high oral LDso (3,000 mg/kg). 


Along with quem Supportive measures, monitor patient's cardiac 
rhythm and blood pressure; if bradycardia ensues, may use a 
B-adrenergic agonist or pacemaker. Use positive inotropic and/or 
vasopressor agents to treat hypotension with inadequate tissue 
perfusion. Neither Cordarone nor its metabolite is dialyzable. 


Dosage and Administration: See full prescribing information. 


Manufactured for 

Wyeth Laboratories Inc., Philadelphia, PA 19101 
by Sanofi, S.A., Paris, France, by arrangement with 
Sanofi Pharmaceuticals, Inc. 
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Superiority of a Vertical Sternal Lead for 
Detection of Arrhythmias During Ambulatory 





Electrocardiographic Monitoring 


Peter Ott, MD, Frank I. Marcus, MD, William A. Scott, MD, Anthony C. Caruso, MD, 
Lionel H. Faitelson, MD, and Elizabeth Hahn, MA 


SEAT LE SN A AE ae gh 11 A SEA EARN E T 
In a preliminary study comparing 7 sets of bipolar 


leads with standard modified V; and Vs leads, a 
vertical sternal lead system with the negative lead 
just below the suprasternal notch, and the positive 
lead over the xiphoid had the greatest P-wave 
area. In the current study, the vertical sternal and 
modified V, leads were obtained simultaneously 
using 2-channel ambulatory electrocardiographic 
recorders in 50 consecutive patients undergoing 
diagnostic ambulatory electrocardiography for 
suspected arrhythmias. 

The vertical sternal lead provided tracings with 
a larger P-wave area compared with that of the 
modified V, (0.58 + 0.44 vs 1.23 + 0.69 mm?; p 
<0.0001), and a greater QRS complex (9.23 + 
4.16 vs 11.78 + 4.90 mm; p = 0.006). During pre- 
mature atrial contractions and supraventricular 
tachycardia, P-wave visibility was significantly 
better in the sternal lead than in V; (p <0.001). 
Furthermore, sternal lead tracings were superior 
with regard to overall quality and noise level. 

It is suggested that the vertical sternal lead re- 
place the currently used modified V; during ambu- 
latory electrocardiographic monitoring. This lead 
system in conjunction with the standard modified 
Vs lead should be useful in the differential diagno- 
sis of atrial arrhythmias. 

(Am J Cardiol 1992;69:625-627) 
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latory electrocardiographic monitoring has been 

widely used to aid in the diagnosis of arrhythmias 
as well as ischemic events. Initial clinical applications? 
used a 1-lead system, with the exploring lead in the Vs 
position to detect ischemia. In 1976, Kennedy et al^ in- 
troduced the “2 channel recording" using an exploring 
lead in the V; and V5 positions to improve the reliability 
of recording electrocardiographic data in the event of 
malfunction of 1 lead and to improve identification of 
arrhythmias. The now commonly used leads are modi- 
fied V; and Vs lead systems (Table I). 

In a pilot study,? the P-wave signal obtained by the 
standard modified V; and V5 leads was compared with 
that obtained by 7-lead systems reported to enhance 
recognition of atrial activity®!° (Table IT). It was ob- 
served that a vertical sternal lead system with the nega- 
tive lead just below the suprasternal notch, and the posi- 
tive lead over the xiphoid® provided the P-wave signal of 
greatest amplitude and area. 

The present study was designed to compare this ver- 
tical sternal lead system with the standard modified V; 
lead system (Figure 1) in patients during routine ambu- 
latory electrocardiographic recording. 


S ince the original report of Holter! in 1961, ambu- 


METHODS 

We studied 50 consecutive patients referred for rou- 
tine diagnostic 24-hour ambulatory electrocardiograph- 
ic monitoring for suspected arrhythmias. The recording 
devices used were 2-channel cassette recorders (frequen- 
cy response 0.05 to 100 Hz) (CardioData Recorder 
PR3/ST, Northboro, MA, amplitude modulated; and 
the Holter performer, TM 8500, Applied Cardiac Sys- 
tems, Inc., Laguna Hills, CA, frequency modulated). 
Silver/silver skin electrodes (Red Dot™, 3M Medi- 
cal Surgical Division, St. Paul, MN) were applied af- 
ter skin preparation, including shaving (if necessary), 
rubbing with acetone, and superficial skin abrasion. 
Acceptable skin/electrode impedance was indicated if 
measurements with the “skin prep analyzer” (Mar- 
quette Electronics, Inc., Milwaukee, WI) were <8 (ap- 
proximately <12,000 ohms). The lead system that was 
connected to channels 1 and 2, respectively, was deter- 
mined by computer-generated randomization. Holter 
tapes were scanned by computer (CardioData Mk4, 
Mortara Instruments, Marlboro, Massachusetts), with 
manual overread by an electrocardiographic technician. 
Four board-certified cardiologists who were unaware of 
channel /lead randomization evaluated a 2-channel elec- 
trocardiographic printout selected by the technician to 
evaluate baseline rhythm and arrhythmias. They then 
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completed a form designed to assess P-wave and QRS- 
complex morphology, P-wave visibility with premature 
atrial and ventricular contractions, and supraventricular 
and ventricular tachycardias, as well as lead noise level 
and overall lead quality (rated as poor, good or ex- 
cellent). Furthermore, blinded P-wave measurements 
(area, positive and negative deflection, and duration) 
were obtained manually with a computer-based planim- 
etry program by | investigator (PO). For this purpose, a 
segment of electrocardiographic tracing (1 mV = 10 
mm; | second = 25 mm) showing normal sinus rhythm 
with a heart rate of 50 to 80 beats/min was copied and 
enlarged (2.75X). Measurements of 3 consecutive P- 
waves were averaged. 

Statistical methods: P-wave measurements and 
height of the R and S waves in the 2 lead systems were 
compared by using a paired t test. Assessments of noise 
level and lead quality were evaluated with McNemar’s 
chi-square test. The null hypothesis of symmetry with 
respect to the off-diagonal cells was tested by compar- 
ing these ratings for the lead systems. A continuity cor- 
rection of 1 was used, and the statistic obtained was 
compared with chi-square distribution with 1 degree of 
freedom. 


RESULTS 

Data for 46 patients (26 female and 20 male, aged 
58 + 23 years, range 1 month to 88 years) were avail- 
able for final analysis. In 2 cases, the recorder malfunc- 
tioned, and in 2 others, the study was cancelled after 


patients had already been randomized. 





TABLE I Description of Electrode Position of F requently Used 
Lead Systems in Ambulatory Electrocardiographic Monitoring 









Modified V1 lead 





Positive lead: 4th right intercostal space 
Negative lead: below left midclavicle 
Positive lead: 5th left intercostal space in 
anterior axillary line 
Negative lead: below right midclavicle 








Modified Vs lead 







FIGURE 1. Position of sternal (circles) and modified V, (box- 
es) lead electrodes. 





P-wave and QRS-complex morphology: P-wave 
morphology in the sternal and modified V, leads was 
assessed from the original 46 ambulatory electrocardio- 
graphic tracings and classified as upright in 42 and 15 
tracings, biphasic in 2 and 28, and negative in 0 and 1, 
respectively. (There was atrial fibrillation in 1 patient, 


and atrial flutter in another.) 





TABLE II Description of Electrode Positions of Lead Systems 
Previously Evaluated to Assess P-Wave Area and Amplitude 










Electrode Position 








Barker Positive lead: xiphoid process 
Negative lead: superior sternum 
Positive lead: 7th right costal carti- 
lage 
Negative lead: 2nd right costochon- 
dral junction 
Positive lead: inferior angle of Scap- 
ula, 2 inches to right 
of spine 
Negative lead: center of sternum 
Lewis8 Positive lead: 4th right intercostal 
space, 1 inch to right 
of sternum 
Negative lead: 2nd right costochon- 
dral junction 
Positive lead: left leg 
Negative lead: 3rd intercostal space 
along right sternal 
border 
Positive lead: right arm 
Negative lead: 3rd intercostal space 
along right sternal 
border 
Positive lead: 5th intercostal space 
along right sternal 
border 
Negative lead: midsternum 







Drury and Iliescu (I)? 









Drury and Iliescu (II)7 










Williams and Ellis (1)9 








Williams and Ellis (11)9 








Lian and Pincheuzon!0 







TABLE Ill. Comparison of QRS Amplitude in Two Lead Systems 
in Ambulatory Electrocardiographic Recordings (n = 46) 


Modified V 
Sternal Lead Lead p Value 























R wave (mm) 3:93 € 3.27 2.63 + 3.23 0.021 
S wave (mm) 8.02 + 4.64 6.78 + 3.84 0.051 
QRS complex (mm) 11.78 + 4.90 9.23 + 4.16 0.006 





Results expressed as mean + SD. 
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TABLE IV. Comparison of P-Wave Measurements by Two Lead 
Systems (n = 44) 


Sternal Modified V1 p Value 


Area (mm?) 1.23 + 0.69 0.59+0.44 0.0001 
Positive deflection (cm) 0.15 + 0.09 0.07 + 0.06 0.0001 
Negative deflection (cm) 0.07 + 0.05 0.07+0.05 0.86 
Duration (ms) 92.41+17.05 92.44+17.37 0.38 


Results expressed as mean + SD. 


TABLE V Definition and Prevalence of Arrhythmias Observed 
in the 46 Tracings Analyzed for this Study 


Number/ Hour Number of 


Arrhythmias or Definition Patients 


PAC <10 

>10 
Supraventricular tachycardia > 3 consecutive PACs 
PVC <30 

> 30 


Ventricular tachycardia > 3 consecutive PVCs 


PAC = premature atrial contraction; PVC = premature ventricular contraction. 


QRS morphology in the sternal lead was similar to 
that in the modified V;. The modified V; lead showed 7 
tracings with left bundle branch block morphology or 
unspecified intraventricular conduction delay, and 4 
with right bundle branch block configuration. Classifi- 
cation of QRS morphology was concordant in the verti- 
cal sternal lead in all 11 cases. 

QRS height: R and S waves, and size of QRS 
complex were significantly larger in the sternal lead 
(p = 0.006) (Table IIT). 

Noise level and lead quality: Noise level in the ster- 
nal lead was rated superior in 6796, equal in 2896, and 
inferior in 4% compared with that in V; (p «0.001). 
Similar results were observed when overall lead quality 
was assessed (rated as poor, good or excellent). Again, 
the sternal lead was rated superior in 80%, equal in 
17%, and inferior in 2% compared with that in V; (p 
<0.001) (Figure 2). 

P-wave area, amplitude and duration: These mea- 
surements were obtained from the tracings of 44 pa- 
tients in normal sinus rhythm (Table IV). P-wave area 
in the sternal lead system was significantly larger 
(p <0.0001), and positive deflection was greater (p 
<0.0001) than in V;. There was no significant differ- 
ence with regard to negative deflection (p = 0.86) and 
P-wave duration (p = 0.38). 

P-wave visibility: P-wave visibility was assessed in 
tracings with premature atrial contractions, supraven- 
tricular tachycardia, premature ventricular contractions 
and ventricular runs (Tabies V and VI). P-wave visibili- 
ty was significantly better in sternal lead tracings with 
regard to premature atrial contractions (p «0.001) and 
supraventricular tachycardia (p = 0.027) (Figure 3). 
No such advantage was noted with regard to premature 
ventricular contractions and ventricular tachycardia. 


DISCUSSION 
Our results show that the vertical sternal lead sys- 
tem records a predominantly upright P-wave that has a 
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TABLE VI P-Wave Visibility in Sternal Lead Compared with 
That in Modified Lead V; 


PACs SVT PVCs VT 
(n = 31) (n = 19) (n = 32) (n = 9) 


Superior 20 (64%) 9 (47%) 3 (9%) 4 (44%) 
Equal 10 (32%) 9 (47%) 27 (84%) 5 (55%) 
Inferior 1 (3%) 1 (5%) 1 (3%) 


SVT = supraventricular tachycardia; VT = ventricular tachycardia; other abbrevia- 
tions as in Table V. 





FIGURE 3. Selected electrocardiographic tracing from simul- 
taneously recorded modified V; and sternal leads illustrating 
improved P-wave visibility in sternal lead (bottom channel) 
during atrial arrhythmias. 


significantly larger area and greater positive deflection 
than that obtained by the frequently used modified V; 
system. This provides improved visibility of atrial activi- 
ty during supraventricular arrhythmias. The sternal 
lead system is also less noisy and of superior overall 
quality. These findings are related to the larger P wave 
and QRS complex in this lead and also to the fact that 
the negative and positive leads were positioned over 
bony structures, thereby decreasing muscle artifact. In 
view of the aforementioned findings, it seems warranted 
to recommend replacing the currently used modified V; 
with the vertical sternal lead system. Simultaneous use 
of the standard modified V5 lead will ensure the advan- 
tage of 2-channel recording. 
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Bradycardia-Induced Abnormal QT Prolongation 
in Patients with Complete Atrioventricular 
Block with Torsades de Pointes 
Takashi Kurita, MD, Tohru Ohe, MD, Nobuyuki Marui, MD, Naohiko Aihara, MD, 


Hiroshi Takaki, MD, Shiro Kamakura, MD, Mokuo Matsuhisa, MD, 
and Katsuro Shimomura, MD 


T NRE AS: PEERS ECT QS EMEN NU ROC e X S ee 
Fourteen patients with complete atrioventricular 


block with or without torsades de pointes (TdP) 
were included in this study. They were divided 
into 2 groups, 6 patients with TdP (TdP[+] group) 
and 8 patients without TdP (TdP[—] group). The 
patients were evaluated at 2 different periods, be- 
fore (acute period) and after (chronic period) pace- 
maker implantation. In the acute period, the QRS 
and heart rate during the escape rhythm were not 
significantly different between the 2 groups; how- 
ever, the QT and QTc intervals were significantly 
longer in the TdP(--) group than in the TdP(-) 
group: 753 + 57.5 vs 635 + 78.4 ms (p « 0.01) 
and 585 + 44.8 vs 476 + 58.3 ms (p « 0.01). In 
the chronic period (^2 months after pacemaker 
implantation), we changed the pacemaker rate 
from 90 or 100 beats/min to 50 beats/min and ex- 
amined the QT interval changes in relation to the 
heart rate. The QT interval in the TdP(+) group 
was significantly prolonged compared with the 
TdP(—) group when the pacing rate was decreased 
<60 beats/min: 551 + 40 vs 503 + 36 ms at 60 
beats/min (p <0.05), and 700 + 46 vs 529 + 43 
ms at 50 beats/min (p <0.001). Patients with com- 
plete atrioventricular block with TdP had a brady- 
cardia-sensitive repolarization abnormality and 
this characteristic remained after pacemaker im- 
plantation. The critical heart rate that induced ab- 
normal QT prolongation in the TdP(+) group was 
<60 beats/min. 

(Am J Cardiol 1992;69:628-633) 


From the Division of Cardiology, National Cardiovascular Center, 
Suita, Osaka, Japan. Manuscript received August 26, 1991; revised 
manuscript received and accepted November 12, 1991. 

Address for reprints: Takashi Kurita, MD, the Division of Cardiol- 
ogy, National Cardiovascular Center, 5-7-1 Fujishiro-dai, Suita, Osa- 
ka, Japan, 565. 


cation of atrioventricular block,'~4 and is always 

associated with QT prolongation in the setting of 
this arrhythmia. Although a slow ventricular rate may 
be a major factor for inducing abnormal QT prolon- 
gation, the mechanism of QT prolongation in patients 
with bradycardia-related TdP is poorly understood. This 
study tests the hypothesis that patients with bradycar- 
dia-related TdP have abnormal repolarization responses 
to bradycardia. 


T 99 de pointes (TdP) is an important compli- 


METHODS 

Patients: Fourteen patients with complete atrioven- 
tricular block were divided into 2 groups: patients with 
(TdP[+] group) and without (TdP[—] group) TdP. The 
TdP(+) group consisted of 6 patients, and the TdP(—) 
group consisted of 8 patients (Table I). No patient 
was taking antiarrhythmic agents when atrioventricular 
block or TdP occurred. TdP was documented in electro- 
cardiographic recordings in all patients in the TdP(+) 
group. The patients in the TdP(—) group were consecu- 
tive patients who referred to the Cardiovascular Center, 
Osaka, Japan, from 1988 to 1989, and they had no ven- 
tricular tachycardia on continuous electrocardiographic 
monitoring for >24 hours and had no symptom sugges- 
tive of TdP (e.g., lightheadedness or syncope) before 
pacemaker implantation. 

We evaluated these patients at 2 separate occasions, 
before (acute period) and after (chronic period) pace- 
maker implantation. The values in the acute period 
were measured during TdP in the TdP(+) group and 
within 14 days before pacemaker implantation in the 
TdP(—) group. The values in the chronic period were 
measured >2 months after pacemaker implantation in 
both groups. 

Electrocardiographic recordings were obtained on a 
6-channel Fukuda Denshi FD-63 or Nihon Kohden 
ECG-8300 at a paper speed of 25 mm /s with a calibra- 
tion of 10 mm/mV. 

The QT interval was measured from the onset of the 
QRS in the acute period and from the pacing spike in 
the chronic period to the end of the T wave in each lead. 
The longest QT interval in any of the 12 leads was cho- 
sen. The end of the T wave was defined as return to 
baseline. When a U wave interrupted the T wave before 
return to baseline, the end of the T wave was estimated 
by extrapolation of the descending T-wave line down to 
the baseline. When the biphasic repolarization was de- 
veloped and its late component exceeded the early T 
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TABLE I Patient Data in the Period Before Pacemaker Implantation (acute period) 


Age (yr) 


Pts. & Sex HR (beats/min) QT (ms) 





Serum Electrolytes 





QTc (ms) QRS (ms) K (mEq/liter) Ca (mg/dl) 


TdP(—) Group 


Mean + SD 63 +13 


Mean + SD 68 + 12 38 + 11 


753* + 58 
*p <0.01 vs TdP(—) group. 


585* + 45 103 + 29 


Ca = calcium; HR = heart rate during escape rhythm; K = potassium; QRS = QRS intervals during escape rhythm; TdP = torsades de pointes. 


wave, the QT interval was measured to the final return 
of the repolarization wave to the baseline. QTc was 
calculated according to Bazett’s formula (QTc = 


QT/./RR).° 

evaluation in the acute and 
chronic periods: Heart rate, QRS and QTc intervals 
during the escape rhythm (in the acute period) were 
compared between the 2 groups. 

In the chronic period, we examined the QT and 
QRS interval response to various heart rates and com- 
pared them between the 2 groups. Ventricular pacing at 
90 or 100 beats/min was reduced in decrements of 10 
beats/min down to 50 beats/min. Pacing at each rate 
was continued 25 minutes after the QT interval had 
stabilized. 


635+ 78.4 


FIGURE 1. Comparison of the QT and 
QTc interval between the group without 
(TdP[-]) and the group with (TdP[+]) tor- 
sades de pointes. Both QT and QTc inter- 
vals in the TdP(+) group were significantly 
longer than those in the TdP(—) group. 


TdP(-) 


n=8 





Serum electrolytes: Serum electrolyte levels (potas- 
sium, calcium, magnesium) were also compared be- 
tween the 2 groups in both the acute and chronic peri- 
ods. Magnesium was measured only during the chronic 
period. Serum calcium level was corrected by the serum 
albumin level [Ca (mg/dl) = measured Ca + 4.0 — se- 
rum albumin]. 

Statistical analysis: Values are given as mean + 1 
SD. Comparisons between groups were performed with 
the unpaired ¢ test (parametric method). A p value 
<0.05 was considered significant. 


RESULTS 
Patient characteristics: All patients had no organic 
heart disease except for 1 patient in TdP(+) group who 


QTc 
pepe aene 


e 585—448 


TdP(+) TdP(-) TdP(+) 
n=6 n=8 n=6 
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E Mg = magnesium; QRS = QRS intervals during ventricular pacing; other abbreviations as in Table |. 
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FIGURE 2. Electrocardiograms during the escape rhythm in patients with complete atrioventricular block with and without tor- 


sades de pointes. A, QT and QTc intervals in patient 8 without torsades de pointes were not prolonged. The contour of the T 
wave was also normal. B, QT and QTc intervals in patient 13 with torsades de pointes were markedly prolonged. The T wave 
exhibited an abnormal and bizarre contour. 
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had aortic regurgitation. The cardiothoracic ratios on 
chest x-ray before pacemaker implantation were not sig- 
nificantly different between the 2 groups. No familial 
involvement of long QT and atrioventricular block could 
be demonstrated in either group. 

Electrocardiographic findings in the acute period: 
Patients in the TdP(+) group had significantly longer 
QT and QTc intervals than those in the TdP(-) group 
(Table I, Figure 1). Heart rate and QRS interval in the 
TdP(+) group were not significantly different from 
those in the TdP(—) group (Table I). 

Typical examples from both groups are shown in 
Figure 2. The QT interval and T-wave configuration in 
a TdP(—) patient was normal, whereas the QT interval 
in a TdP(+) patient was markedly prolonged and the T 
wave exhibited an abnormal and bizarre contour. Fig- 
ure 3 shows the typical QRS configuration of TdP in a 
TdP(+) patient. 

iographic findings in the chronic period: 
The relation between the QT interval and heart rate is 
listed in Table II. QT intervals in the TdP(+) group 
were not significantly longer than those in the TdP(—) 
group at a pacing rate of 90 to 70 beats/min. However, 
the QT interval in the TdP(+) group became signifi- 
cantly longer than that in the TdP(—) group when the 
pacing rate was decreased to 60 or 50 beats/min: 551 + 
40 vs 503 + 36 ms at 60 beats/min (p <0.05), and 700 
+ 46 vs 529 + 43 ms at 50 beats/min (p <0.001). The 
relation between the QT interval and heart rate is dis- 
played graphically in Figure 4. The QT interval in the 
TdP(—) group increased linearly when the heart rate 
was decreased. In contrast, the TdP(+) group showed a 
marked QT interval increase when the pacing rate was 
decreased to 60 beats/min. The QT interval increase in 
the TdP(+) group became more prominent at 50 beats/ 
min. Figure 5 shows typical examples of QT interval 
changes in relation to heart rate in both groups. When 
the pacing rate was decreased from 90 to 50 beats/min, 
the QT interval in the TdP(—) patient increased, but 
the T wave retained its identical shape and the degree of 
QT prolongation was not marked (Figure 5A). How- 
ever, patients with TdP(+) exhibited different T-wave 
responses to heart rate changes (Figure 5B). When the 
pacing rate was decreased from 90 to 50 beats/min, the 
QT interval was markedly prolonged and the T-wave 
contour became different. 


FIGURE 4. Relation between QT interval 
and heart rate. The QT interval in the 


beats/min. However, when the heart rate 
was decreased to 60 beats/min, the QT in- 
terval was markedly increased and be- 
came longer than that in the 
TdP(—) group. QT prolongation was more 
prominent at 50 beats/min. 


Serum electrolytes: Serum electrolytes in both the 
acute and chronic periods were not significantly differ- 
ent between the 2 groups (Table I and II). 


DISCUSSION 

The major finding of this study was*that patients 
with complete atrioventricular block with TdP have 
a bradycardia-sensitive repolarization abnormality and 
that this characteristic remains in the chronic period 
(>2 months after pacemaker implantation). In addition, 
the critical heart rate that induced abnormal QT pro- 
longation in the TdP(+) group was <60 beats/min. 

Abnormal QT prolongation: The QT intervals were 
measured from onset of the QRS or pacing spike to the 
end of the T wave. However, QT interval measurements 
were difficult in some patients because of the develop- 
ment of biphasic repolarization wave. We defined the 
end of T wave as the final return of the repolarization 
wave to baseline when its late component exceeded the 
early one. These phenomena were observed only at a 
slow heart rate (<60 beats/min) in the TdP(+) group. 
This suggests that the mechanism of the abrupt prolon- 
gation of the QT interval in the TdP(+) group is the 
QT interval measurements of a whole repolarization 
process including the U wave. T-U wave abnormality 
may be the primary characteristic in patients with 
TdP.5 

The QT interval reflects both ventricular depolariza- 
tion and repolarization. However, changes in the QT 
interval in the chronic period in this study reflected only 
repolarization characteristics, because we kept the depo- 
larization pattern constant by continuous ventricular 
pacing. 

Abnormal QT prolongation in the acute period in 
patients with bradycardia-related torsades de pointes: 
Bradycardia, antiarrhythmic agents and serum electro- 
lyte abnormalities are known as the major causes of ac- 
quired long QT syndrome and TdP.** Recently, some 
experimental studies?-!! suggested that early afterdepo- 
larizations and triggered activity play an important role 
in long QT and TdP. Because the observed characteris- 
tics in these studies were induced by pharmaceutical 
agents, they were similar to the features of the patients 
with drug (class Ia or III)-related TdP. Therefore, these 
experimental studies were appropriate to the model for 
drug-induced TdP. 
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* > p<0.05 eK 


T 


Y O TdP(-) 
EL 


$—— o 


80 70 60 
Heart Rate 


50 /min 





COMPLETE ATRIOVENTRICULAR BLOCK AND QT PROLONGATION 631 


4$ 
-— 
Oo ay ME. ee LÚ: 





However, the clinical features and proper experi- 
mental models for patients with atrioventricular block 
with TdP have not been sufficiently investigated. Stras- 
berg et al^ compared patients with atrioventricular 
block with TdP to those without TdP, and mentioned 
that the QT interval in patients with TdP was longer 
than in those without TdP, whereas heart rate and QRS 
interval during the escape rhythm were not significantly 
different. The findings in our study were consistent with 
their results. Despite the same degree of bradycardia, 
the QT interval in patients with TdP was markedly pro- 
longed. The serum electrolyte abnormalities could not 
be a cause of the prolonged QT interval, because the 
electrolyte levels were not significantly different be- 
tween the 2 groups in this study. Other unknown factors 
responsible for abnormal QT prolongation may exist. 
However, it is quite possible that patients with TdP 
have bradycardia-sensitive repolarization abnormalities 
during the period of TdP. 

Abnormal QT prolongation in the chronic period in 
patients with bradycardia-related torsades de pointes: 
Our findings further suggest that abnormal QT prolon- 
gation in patients with TdP in response to bradycardia 
remains in the chronic period. Milne et al!? reported on 
the QT interval response at various heart rates with ven- 
tricular pacing in patients with complete atrioventricu- 
lar block without TdP. The QT intervals in relation to 
heart rate were similar to those of the TdP(—) group in 
this study. According to other studies that reported the 
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FIGURE 5. The QT interval responses to different pacing rates 
de pointes. A, the QT interval 
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relation between QT interval and heart rate, !?.4 QT in- 
tervals in the TdP(—) group in this study showed nor- 
mal response to heart rate. However, the response in the 
TdP(+) group was quite different from that in normal 
subjects with heart rates <60 beats/min. The possible 
explanation for this is a primary (congenital) myocardi- 
al membrane defect,!5 i.e., abnormal membrane ion cur- 
rents, because these patients had the same characteris- 
tics regardless of the acute or chronic period. 

The results of this study support the hypothesis that 
patients with complete atrioventricular block with TdP 
have a bradycardia-sensitive repolarization abnormality 
in the setting of TdP and even after pacemaker implan- 
tation. 

Study limitation: The QT interval during the escape 
rhythm in the chronic period was not evaluated because 
(1) the escape rhythm did not appear even at the mini- 
mal rate of the pacemaker, and (2) during the escape 
rhythm, the primary T-wave change due to prior artifi- 
cial ventricular pacing made accurate evaluation of the 
QT interval impossible.!6 

We could not induce TdP despite the abnormal QT 
prolongation at a slow heart rate in the chronic period. 
This may be due to the fact that 50 beats/min was not 
slow enough or that the duration of the bradycardia (5 
minutes) was too short to induce TdP. 

Clinical implication: In patients with bradycardia-re- 
lated TdP, the possibility of TdP recurrence still exists 
after pacemaker implantation at a ventricular rate of 
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«60 beats/min. Therefore, the pacemaker rate in these 
patients must be set at >70 beats/min. 
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Assessment of QT Dispersion in Symptomatic 
Patients with Congenital Long QT Syndromes 


Nicholas J. Linker, MB, ChB, Paolo Colonna, MD, Christopher A. Kekwick, MB, BS, 
Janice Till, MB, BS, A. John Camm, MD, and David E. Ward, MD 


SEs Pe TO DT I An CON V CRUS eT ly LP LUE 
It has been suggested that QT dispersion recorded 


on the surface electrocardiogram may be a predic- 
tor of arrhythmic events in patients with congeni- 
tal QT prolongation. To evaluate this, 9 patients (6 
female, mean age 17.6 years) with congenital long 
QT syndromes, all of whom had syncope and doc- 
umented torsades de pointes, were studied. Pa- 
tients were studied off treatment and during ther- 
apy with 6-blocking agents. Three patients were 
also studied after left stellate ganglionectomy. An 
age-matched control group was also studied. Good 
quality 12-lead electrocardiograms were recorded 
from all patients. For each lead, QT and RR inter- 
vals were measured, and QTc value was calculat- 
ed. QT and QTc dispersions were calculated for 
each patient. 

Patients had a significantly longer mean QT in- 
terval compared with that of the control group 
(450 + 100 vs 359 + 63 ms; p = 0.015) at similar 
mean RR intervals (736 + 231 vs 783 + 289 ms), 
with a longer mean QTc value (0.53 + 0.08 vs 
0.41 + 0.02 s!'/2; p = 0.004). Patients also had 
longer QT and QTc dispersions compared with 
those of the control group (110 + 45 vs 43 + 12 
ms [p = 0.004], and 0.108 + 0.03 vs 0.05 + 0.02 
s!? [p = 0.002], respectively). QT and QTc disper- 
sions on and off 8-blocking agents were not signif- 
icantly different. Comparing patients with fre- 
quent and those with infrequent symptoms, there 
was no difference in QT or QTc dispersion either 
off treatment or during therapy with B-blocking 
agents. There was an increase in mean QT inter- 
val and QTc value in patients with frequent symp- 
toms on 6-blocking agents. On 8-blocking agents, 
patients with frequent symptoms had a signifi- 
cantly longer mean QTc value compared with that 
of those with infrequent symptoms. There was no 
change in QT or QTc dispersion, mean QT or RR 
interval, or mean QTc value after left stellate 
ganglionectomy. 

QT-interval dispersion is observed in patients 
with congenital long QT syndromes; however, the 
degree of dispersion is not related to the severity 
of symptoms, nor influenced by treatment with B- 
blocking agents. 

(Am J Cardiol 1992;69:634-638) 
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have a high incidence of ventricular arrhythmia: 

and sudden death. Prediction of those patients ai 
risk of these arrhythmias, and the evaluation of asymp- 
tomatic family members with QT-interval prolongatior 
is difficult. One explanation for the development of ven- 
tricular arrhythmias in such patients is based on disper- 
sion of repolarization between different regions of the 
myocardium. This feature has been observed in patients 
with congenital QT-interval prolongation by measuring 
endocardial monophasic action potentials from multiple 
sites within the ventricles and demonstrating an increase 
in the dispersion of the duration of the monophasic ac- 
tion potentials.! Thus, the hypothesis has been advanced 
that the degree of dispersion between the QT intervals 
from a standard 12-lead electrocardiogram may be an 
indicator of the risk of ventricular arrhythmias in pa- 
tients with prolonged QT intervals.? The present study 
was designed to investigate this hypothesis and to ascer- 
tain whether treatment of such patients affects the de- 
gree of QT dispersion in patients whose arrhythmias are 
suppressed and in those in whom they are not. 


P atients with congenital QT-interval prolongatior 


METHODS 

Nine patients (6 female, age range 1 month to 43 
years), 6 with Romano Ward syndrome, and 3 with Jer- 
vell Lange-Neilsen syndrome, were studied (Table I). 
All had QT-interval prolongation on standard 12-lead 
electrocardiogram and had documented torsades de 
pointes. The frequency and severity of attacks varied 
among patients, with 4 (nos. 1, 2, 3 and 7) having fre- 
quent syncopal episodes (>1/month) off treatment. 
Two patients were members of the same family (nos. 8 
and 4 were grandmother and grandson). In addition, 9 
age-matched control subjects with no evidence of heart 
disease were studied. All patients had standard 12-lead 
electrocardiograms recorded at 25 mms"! off antiar- 
rhythmic agents. All electrocardiograms were examined 
retrospectively. No patient had bundle branch block 
or evidence of any other intraventricular conduction 
abnormality on the electrocardiogram. There was no 
significant difference in QRS duration in any pa- 
tient throughout the study. Electrocardiograms were en- 
larged by a factor of 4. QT intervals were measured 
from the onset of the QRS complex to the end of the T 
wave (defined as the point of return of the T wave to 
the isoelectric baseline). QT and RR intervals, and QTc 
value (using the formula developed by Taran and Szil- 
agyi? from Bazett’s* original work, and the preceding 
RR interval) were calculated for each complex. As 
many intervals as possible were measured in each indi- 
vidual lead, and mean QT and RR intervals, and QTc 
value were calculated for each lead. If the end of the T 
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wave could not be reliably determined, the lead was not 
included in the analysis. Mean maximum QT interval 
and QTc value from any individual lead were also cal- 
culated, because this is the standard assessment of the 
QT interval and QTc value. QT-interval and QTc dis- 
persions were defined as the difference between the 
minimum and maximum QT intervals and QTc values 
in any of the 12 leads. 

All patients were treated with 8-blocking agents 
(atenolol or propranolol) and had repeat 12-lead elec- 
trocardiograms analyzed. In addition, the 3 patients 
with Jervell Lange-Neilsen syndrome had electrocardio- 
grams recorded after left stellate ganglionectomy. The 
patients have been followed up for a mean of 6.5 years 
(range 8 months to 15 years), during which time 6 pa- 
tients have remained free of further symptoms. The 3 
patients with Jervell Lange-Neilsen syndrome continued 
to have syncopal arrhythmias, despite left stellate gan- 
glionectomy and treatment with 6 blockers. Two of 
these patients subsequently died suddenly, and the third 
continues to have symptoms. The Mann-Whitney U 
and Wilcoxon signed rank tests were used for statistical 
analysis. 


RESULTS 

Comparison between patient group and control 
subjects: In the patient group, all 12 leads of the elec- 
trocardiogram were included in 4 patients, whereas 
leads V3 and Vs were excluded in patient 1, lead III in 
patient 3, leads V3 and V; in patient 4, lead V, in pa- 
tient 5, and leads III and aVL in patient 7. In the con- 
trol group, all 12 leads were included in 6 subjects, 
whereas lead aVL was excluded in 2, and lead V; in 1. 
Study patients had a significantly longer mean QT in- 
terval (averaged over all 12 leads) than that of the con- 
trol group (450 + 100 vs 359 + 63 ms; p = 0.015), and 
a longer mean QTc value (0.53 + 0.08 vs 0.41 + 0.02 
s!/?. p = 0.004), maximum QT interval (504 + 114 vs 
376 + 63 ms; p = 0.012) and QTc value (0.59 + 0.08 vs 
0.43 + 0.02 s!/?; p = 0.002), but a similar mean RR 
interval (736 + 231 vs 783 + 289 ms) (Table II). The 
degree of QT dispersion in the patient group was signifi- 
cantly longer than that in the control subjects (109 + 
47 vs 43 + 12 ms; p = 0.004), as was QTc dispersion 
(0.12 + 0.04 vs 0.05 + 0.02 s!/?; p = 0.002) (Figure 1). 

Comparison before and during 6-blocking therapy: 
On treatment with 6-blocking agents, all 12 leads were 
analyzed in 8 patients, with lead III being excluded in 
patient 3. Mean QT interval was 498 + 98 ms, mean 





Symptoms 

l F 1 month JLN Syncope x4 

2 M 1 month JLN Syncope x4 

3 M 3 years JLN Syncope x15 
4 M 9 years RW Syncope x1 

5 F 15 years RW Syncope x1 

6 F 19 years RW Syncope x2 

7 F 32 years RW Syncope > 100 
8 F 36 years RW Syncope x2 

9 F 43 years RW Syncope > 20 


JLN = Jervell Lange-Neilsen syndrome; RW = Romano Ward syndrome. 


RR interval was 896 + 233 ms, and mean QTc value 
was 0.53 + 0.09 s'/2. Mean maximum QT interval was 
557 + 112 ms, mean maximum RR interval was 941 + 
247 ms, and mean maximum QTc value was 0.59 + 
0.09 s!/2, There was no significant difference in mean 
QT and RR intervals, QTc value, maximum QT and 
RR intervals, and maximum QTc value before and dur- 
ing treatment with -blocking agents. There was no sig- 
nificant difference in the degree of QT dispersion (133 
+ 71 ms) compared with that at baseline, although the 
tendency was for an increase in dispersion (Figure 2). In 
addition, there was no difference in QTc dispersion 
(0.13 + 0.07 s'/2) compared with that at baseline, al- 
though again there was a tendency for an increase. 
Comparison between symptom groups: Comparing 
the 4 patients who presented with frequent symptoms 
(nos. 1, 2, 3 and 7) with the 5 without frequent symp- 
toms, there was no difference between the groups in 
terms of mean QT interval, QTc value, maximum QT 
interval, maximum QTc value and RR interval (Table 
III). In addition, there was no difference in QT or QTc 
dispersion off treatment between patients with frequent 
symptoms (94 + 24 ms and 0.1 + 0.02 s!/?, respective- 
ly) and those with infrequent symptoms (121 + 59 ms 
and 0.13 + 0.05 s!/2, respectively). On treatment with 
B-blocking agents, 6 patients had their symptoms con- 
trolled and did not experience any further syncope. 
These patients all had Romano Ward syndrome. Com- 
paring these patients with the 3 with Jervell Lange- 
Neilsen syndrome, the mean QTc value of the patients 
with no symptoms was shorter than that of those who 
continued to experience symptoms (0.48 + 0.06 vs 0.63 
+ 0.06 s!/?; p = 0.039). There was no significant differ- 
ence in mean QT, RR and maximum QT intervals, and 
maximum QTc value. There was no difference in QT 


TABLE II QT and RR Intervals (ms), QTc Values (s!/2), and QT and QTc Dispersions (ms and s!/?, respectively) for All Patients 


Study Group 


«1 
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Mean QT interval 

Mean maximum QT interval 
Mean RR interval 

Mean maximum RR interval 
Mean QTc value 

Mean maximum QTc value 
QT-interval dispersion 
QTc-value dispersion 


Control Group 


359 + 63 (256-413) 
376 + 63 (273—436) 
783 + 289 (391-1,152) 
806 + 299 (405-1,227) 
0.41 + 0.02 (0.38—0.45) 
0.43 + 0.02 (0.4—0.47) 
43 + 12 (27—63) 
0.05 + 0.02 (0.03—0.07) 


No Treatment 


450 + 100 (314—626) 
504 + 114 (345-679) 
736 + 231 (1,053) 

783 + 244 (560-1,114) 
0.53 + 0.08 (0.38—0.62) 
0.59 + 0.08 (0.43-0.67) 
109 + 47 (35-182) 
0.12 + 0.04 (0.05-0.19) 
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p-Blocked 


498 + 98 (357—677) 
557 + 112 (390-740) 
893 + 233 (593-1,188) 
941 + 247 (615-1,230) 
0.53 + 0.09 (0.42—0.7) 
0.59 + 0.09 (0.46—0.74) 
133 + 71 (50-265) 
0.13 + 0.07 (0.48-0.3) 








Infrequent 
Symptoms 








Baseline (n = 5) 
Mean QT interval 488 + 114 (332—626) 
Mean RR interval 838 + 269 (535-1053) 
Mean QTc value 0.54 + 0.07 (0.45—0.623) 
QT dispersion 121 + 59 (35-182) 
QTc dispersion 0.13 + 0.05 (0.05—0.19) 
B-blocked (n = 6) 
Mean QT interval 477 x 90 (357—590) 
Mean RR interval 977 + 223 (688-1188) 
Mean QTc value 0.48 + 0.06 (0.42—0.6) 
QT dispersion 153 + 78 (50-265) 
QTc dispersion 0.16 + 0.08 (0.05—0.29) 


Left stellate ganglionectomy 
Mean QT interval 

Mean RR interval 

Mean QTc value 

QT dispersion 

QTc dispersion 


QT DISPERSION (ms) QTc DISPERSION (s*) 





QTc QT QTc 
CONTROL GROUP STUDY GROUP 


us 
M 


QT DISPERSION (ms) QTc DISPERSION (s*) 


QT QTc 
BETA—BLOCKADE 
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TABLE Ili Mean QT and RR Intervals (ms), QTc Values (s1/2), and QT and QTc Dispersions 
(ms and s!/?, respectively) for Patients with Frequent and Infrequent Symptoms at Baseline, 
During Treatment with Beta-Blocking Agents and After Left Stellate Ganglionectomy 










Frequent 
Symptoms 









(n = 4) 
402 + 62 (314—461) 
609 + 81 (534—680) 
0.52 + 0.09 (0.38—0.57) 
94 + 24 (60-115) 
0.1 + 0.02 (0.08-0.13) 


(n = 3) 
540 + 119 (463-677) 
734 + 184 (593-943) 
0.63 + 0.06 (0.59-0.7) 
92 + 32 (55-115) 
0.09 + 0.03 (0.59-0.11) 


(n = 3) 
536 + 120 (468—698) 
870 + 171 (685-1023) 
0.61 + 0.1 (0.49-0.69) 
72 + 21 (50-91) 
0.06 + 0.01 (0.05—0.07) 





















FIGURE 1. QT-interval and QTc-value dis- 
persions in 9 patients with congenital long 
QT syndromes (x) compared with those of 
control group (+). 


FIGURE 2. QT-interval and QTc-value dis- 
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dispersion between those with frequent symptoms (92 + 
32 ms) and those without symptoms (153 + 78 ms), nor 
in QTc dispersion (0.09 + 0.03 vs 0.16 + 0.08 s!/?), In 
patients with continuing symptoms, there was a signifi- 
cant increase in mean QT interval on 8-blocking agents 
as compared with that at baseline (540 + 119 vs 402 + 
62 ms; p = 0.034), and in mean QTc value (0.63 + 0.06 
vs 0.52 + 0.09 s!/?; p = 0.034), but no difference in 
mean maximum QT interval and QTc value, and mean 
RR interval. Three of the 4 patients with severe symp- 
toms had QTc dispersion >0.100 s!/?, compared with 3 
of the 5 with mild symptoms, a value considered to be 
of use in separating those at risk of ventricular arrhyth- 
mias.? 

Comparison after left stellate ganglionectomy: 
Three patients with Jervell Lange-Neilsen syndrome 
also had repeat electrocardiograms after left stellate 
ganglionectomy. Furthermore, all 3 patients were con- 
tinuing to receive -blocking agents. In 2 of the 3 pa- 
tients, all 12 leads were used in the analysis, and in pa- 
tient 1, leads V; and Vs were excluded. Comparing 
their electrocardiograms with those obtained before left 
stellate ganglionectomy, there was no significant differ- 
ence in mean and mean maximum QT intervals and 
QTc values, and RR interval (Table III). QT and QTc 
dispersions (Figure 2) were also unchanged (72 + 21 
and 0.06 + 0.01 s'/2, respectively). 


DISCUSSION 

The mechanism of QT-interval prolongation, and 
the development of torsades de pointes remain matters 
of some debate. Currently, there are 2 theories for the 
explanation of QT prolongation. The first theory is that 
there is dispersion of repolarization within the ventricu- 
lar myocardium.? In patients with congenital QT-inter- 
val prolongation there is an increase in the dispersion of 
endocardial monophasic action potential durations from 
the normal 20 to 409? to 2250! ms. Experimentally 
produced dispersion of repolarization has been shown to 
give rise to ventricular arrhythmias morphologically 
similar to torsades de pointes.’ The second theory is that 
the development of the arrhythmias is due to early 
afterdepolarizations.? These phenomena, which can be 
produced in vitro, can also generate ventricular arrhyth- 
mias morphologically similar to torsades de pointes.'? 
They may also be produced in circumstances that re- 
flect the occurrence of the arrhythmia in vivo (i.e., in 
situations of increased sympathetic nervous system ac- 
tivity).!! 

In the clinical setting, evidence has been presented 
for both theories. Whichever is correct, there is no 
doubt that there are regional differences in the duration 
of myocardial repolarization as measured by endocardi- 
al monophasic action potentials. It can potentially be 
extrapolated from this to suggest that these regional dif- 
ferences in repolarization may be reflected in regional 
differences in the surface QT interval. In normal sub- 
jects there is some dispersion of QT intervals («50 ms), 
with longer QT intervals being recorded from the lateral 
chest leads.'? 

Day et al? measured electrocardiograms recorded 
from patients with QT-interval prolongation and found 
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a high degree of dispersion of QT intervals (mean 185 
ms). In our patients, although a relatively high degree 
of QT dispersion was found overall (mean 110 ms), 
there was no difference in the amount of QT and QTc 
dispersions, nor in the mean and maximum QT inter- 
vals and QTc values between patients on and off £- 
blocking agents, nor after left stellate ganglionectomy. 
Furthermore, there was no difference in QT and QTc 
dispersions between patients with frequent and infre- 
quent symptoms on and off 6-blocking agents. Thus it is 
clear that neither QT nor QTc dispersion is helpful in 
indicating successful suppression of arrhythmias. Day et 
al? in a separate paper also reported a reduction in 
QTc dispersion during the administration of sotalol in 
patients after myocardial infarction. Sotalol is not a 
pure -blocking agent and has additional class III ac- 
tions.!^ Class III agents may be expected to reduce QT 
dispersion even though they prolong the QT interval, as 
it has been suggested that 1 of the effects of these 
agents is to produce a homogeneous increase in the du- 
ration of repolarization with little or no dispersion of 
refractoriness.!?-!" Our study showed no change in QT 
dispersion during treatment with 8-blocking agents and 
would suggest that the effects of sotalol on QT disper- 
sion relate to its class III actions and may not be rele- 
vant to its 6-blocking activity. In this study, neither QT 
nor QTc dispersion was altered by treatment with 8- 
blocking agents, and these indexes do not help in distin- 
guishing high- from low-risk groups, as defined by the 
frequency of symptoms. 

Assessment of QT-interval dispersion using a stan- 
dard 12-lead electrocardiogram has a number of limita- 
tions. If the electrocardiogram is recorded at standard 
(25 mms~!) speed, enlargement (usually with a photo- 
copier) results in a thickening, distortion and loss of def- 
inition of the tracing, with inaccuracies in determining 
the onset of the QRS complex, and termination of the 
T wave. There may also be considerable variation in 
the heart rate, which may be reflected in QT-interval 
changes between leads if they are recorded consecutive- 
ly (which may take a matter of some minutes, rather 
than simultaneously). It is possible for the degree of QT 
dispersion to be, at least in part, "artefactual." If the 
direction of repolarization in part of the myocardium is 
such that the vector of the terminal portion of the T 
wave is in the direction of any particular electrocardio- 
graphic lead, then conceivably the T wave may return 
to the isoelectric line *prematurely," leading to a spuri- 
ously short QT interval and thus greater QT dispersion. 
Furthermore, it is well-known that the QT interval in 
patients with congenital QT prolongation is variable,’ 
and thus the degree of QT dispersion recorded at any 1 
time is relatively meaningless. The notion that the 12 
leads of the standard electrocardiogram provide very 
precise regional information is open to question, al- 
though after myocardial infarction some regional differ- 
ences in the QT interval have been demonstrated.!8-1? 
Other investigators have developed different techniques 
for evaluating electrocardiographic evidence of repolar- 
ization using multiple body sites (24 or 32), in order to 
estimate body surface potential distribution.?? From 
these leads, the algebraic sum of QRST-deflection areas 
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may be calculated; this function has a nearly linear rela- 
tion to ventricular fibrillation threshold in experimental 
animals.?! It has been suggested that the QRST-deflec- 
tion integral is a useful measure of disparate repolariza- 
tion, and thus, a marker of vulnerability to arrhyth- 
mias.?? This technique has been used with some success 
to assess the risk of arrhythmias in patients after myo- 
cardial infarction.? Body-surface mapping in patients 
with congenital long QT syndromes has shown that the 
QRST-deflection integral values are lower than normal, 
particularly in the lower sternal region.?^ This has been 
interpreted as being consistent with delayed repolariza- 
tion of the anterior wall or septum, or both, possibly 
secondary to lower than normal right sympathetic ac- 
tivity.2526 

Our data and that of other investigators suggest that 
there is an increase in QT dispersion in patients with 
congenital QT-interval prolongation. The importance 
and clinical relevance of this is uncertain. Previous stud- 
ies showed no significant effect on the QT interval from 
intravenous £8 blockade,725 and we have shown that 
propranolol does not produce any significant change in 
the paced QT interval in patients with congenital QT- 
interval prolongation. The absence of changes in QT 
dispersion on 6-blocking drugs is consistent with this. It 
has been suggested that the underlying mechanism of 
congenital QT-interval prolongation may be an imbal- 
ance between the innervation of the right and left stel- 
late ganglia.?? The lack of effect of 8-blocking agents on 
QT dispersion, combined with our previous data,?? has 
not clarified the role of differential sympathetic neural 
activity in this syndrome. The evidence is consistent 
with the notion that such activity is of secondary impor- 
tance to a primary cellular abnormality that continues 
to exist when sympathetic influences are removed. 
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The antihypertensive efficacy you 
expect from an ACE inhibitor 





Favorable worldwide experience confirmed in 8 US multicenter trials 
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p> ALTACE therapy achieved systolic p» Antihypertensive effect was sustained 
and diastolic blood pressure reductions for 24 hours after a single dose withou 
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p> Normotensive blood pressures were 
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Mean 24-hour ambulatory blood pressures (confirmed 
by 24-hour postdose mercury column sphygmomanometer 
measurement) in 67 patients at baseline and after 4 weeks 
of ALTACE therapy.* (Adapted from McCarron.?) 
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information on following pages. 
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Usual starting dose—2.5 mg once-a-day 
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An Unforgettable Approach 


To Antihypertensive Therapy 








Unforgettable because of its memorable efficacy profile 


Unforgettable because the ALTACE Alliance Program” 
helps patients remember 


Unforgettable because of a low incidence of 
adverse events 


Unforgettable because of its convenient dosage and 
titration schedule 


p> Recommended initial dose is one 2.5 mg capsule 
once-a-day 
p> The lowest (1.25 mg) dose may be required by 


patients receiving a diuretic and those with impaired 
renal function 













p> Adjust dosage according to response: usual 
maintenance range is 2.5 to 20 mg administered 
as a single dose or in two equally divided doses 


P Available in easy-to-swallow capsules 
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BRIEF SUMMARY —— 4 
ALTACE is available in potencies of 1.25 mg, 2.5 mg, 5 mg, and 10 mg in color- 
:oded, hard gelatin capsules. 


INDICATIONS AND USAGE: ALTACE is indicated for the treatment of hyper- 
ension. It may be used alone or in combination with thiazide diuretics. 

In using ALTACE, consideration should be given to the fact that another 
angiotensin converting enzyme inhibitor, captopril, has caused agranulocytosis, 
darticularly in patients with renal impairment or collagen-vascular disease. 
Available data are insufficient to show that ALTACE does not have a similar risk. 
(See WARNINGS.) 


CONTRAINDICATIONS: ALTACE is contraindicated in patients who are hyper- 
sensitive to this product and in patients with history of angioneurotic edema. 


WARNINGS: Angioedema: Angioedema o! the face, extremities, lips, tongue, 
glottis, and larynx has been reported in patients treated with angiotensin convert- 
ing enzyme inhibitors. Angioedema associated with laryngeal edema can be fatal. 
If laryngeal stridor or angioedema of the face, tongue, or glottis occurs, treatment 
with ALTACE should be discontinued and appropriate therapy instituted immedi- 
ately. Where there is involvement of the tongue, glottis, or larynx, 
likely to cause airway obstruction, appropriate therapy, e.g., subcuta- 
neous epinephrine solution 1:1,000 (0.3 m! to 0.5 ml) should be 
promptly administered. (See ADVERSE REACTIONS.) 


Hypotension: ALTACE can cause symptomatic hypotension, after either the 
initial dose or a later dose when the dosage has been increased. Like other ACE 
inhibitors, ramipril has been only rarely associated with hypotension in 
uncomplicated hypertensive patients. Symptomatic hypotension is most likely to 
occur in patients who have been volume- and/or salt-depleted as a result of 
prolonged diuretic therapy, dietary salt restriction, dialysis, diarrhea, or vomit- 
ing. Volume and/or salt depletion should be corrected before initiating therapy 
with ALTACE. 

In patients with congestive heart failure, with or without associated renal 
insufficiency, ACE inhibitor therapy may cause excessive hypotension, which 
may be associated with oliguria or azotemia and, rarely, with acute renal failure 
and death. In such patients, ALTACE therapy should be started under close 
medical supervision; they should be followed closely for the first 2 weeks of 
treatment and whenever the dose of ramipril or diuretic is increased. 

If hypotension occurs, the patient should be placed in a supine position and, 
if necessary, treated with intravenous infusion of physiological saline. ALTACE 
treatment usually can be continued following restoration of blood pressure and 
volume. 


Neutropenia/Agranulocytosis: Another angiotensin converting enzyme in- 
hibitor, captopril, has been shown to cause agranulocytosis and bone marrow 
depression, rarely in uncomplicated patients, but more frequently in patients with 
renal impairment, especially if they also have a collagen-vascular disease such 
as systemic lupus erythematosus or scleroderma. Available data from clinical 
trials of ramipril are insufficient to show that ramipril does not cause 
agranulocytosis at similar rates. Monitoring of white blood cell counts should be 
considered in patients with collagen-vascular disease, especially if the disease is 
associated with impaired renal function. 


Fetal/Neonatal Morbidity and Mortality: ACE inhibitors can cause fetal and 
neonatal morbidity and mortality when administered to pregnant women. 

When ACE inhibitors have been used during the second and third trimesters 
of pregnancy, there have been reports of neonatal hypotension, renal failure, skull 
hypoplasia, and death. Oligohydramnios has also been reported, presumably 
resulting from decreased fetal renal function; oligohydramnios has been associ- 
ated with fetal limb contractures, craniofacial malformations, hypoplastic lung 
development, and intrauterine growth retardation. Prematurity and patent ductus 
arteriosus have been reported, although it is not clear whether these occurrences 
were due to the ACE-inhibitor exposure or to the mother's underlying disease. 

It is not known whether exposure limited to the first trimester can adversely 
affect fetal outcome. 

A patient who becomes pregnant while taking ACE inhibitors, or who takes 
ACE inhibitors when already pregnant, should be apprised of the potential hazard 
to her fetus. If she continues to receive ACE inhibitors during the second or third 
trimester of pregnancy, frequent ultrasound examinations should be performed to 
look for oligohydramnios. When oligohydramnios is found, ACE inhibitors 
should generally be discontinued. 

Infants with histories of in utero exposure to ACE inhibitors should be closely 
observed for hypotension, oliguria, and hypokalemia. If oliguria occurs, attention 
should be directed toward support of blood pressure and renal perfusion. 
Ramipril could theoretically be removed from the neonatal circulation by ex- 
change transfusion, but no experience with this procedure has been reported. 

Ramipril has been shown to increase the incidence of dilated renal pelvises 
in rat fetuses, to retard birth weights in mice, and to be toxic to pregnant rabbits 
and pregnant cynomolgus monkeys, but not, in any of these studies, to produce 
terata or to affect fertility, reproductive performance or pregnancy. On a mg/kg 
basis, the doses used in these studies were 125-2500 times (in rats), 2500 times 
(in mice), more than 12 times (in monkeys), and more than twice (in rabbits) the 
maximum recommended human dose. 


PRECAUTIONS: General: Impaired Renal Function: As a consequence of 
inhibiting the renin-angiotensin-aldosterone system, changes in renal function 
may be anticipated in susceptible individuals. In patients with severe congestive 
heart failure whose renal function may depend on the activity of the renin- 
angiotensin-aldosterone system, treatment with angiotensin converting enzyme 
inhibitors, including ALTACE, may be associated with oliguria and/or progres- 
sive azotemia and (rarely) with acute renal failure and/or death. In hypertensive 
patients with unilateral or bilateral renal artery stenosis, increases in blood urea 
nitrogen and serum creatinine may occur. Experience with another angiotensin 
converting enzyme inhibitor suggests that these increases are usually reversible 
upon discontinuation of ALTACE and/or diuretic therapy. In such patients renal 
function should be monitored during the first few weeks of therapy. Some 
hypertensive patients with no apparent pre-existing renal vascular disease have 
developed increases in blood urea nitrogen and serum creatinine, usually minor 
and transient, especially when ALTACE has been given concomitantly with a 
diuretic. This is more likely to occur in patients with pre-existing renal impair- 
ment, Dosage reduction of ALTACE and/or discontinuation of the diuretic may be 
required. Evaluation of the hypertensive patient should always include 
assessment of renal function. à 


Hyperkalemia: In clinical trials, hyperkalemia (serum potassium greater than 

5.7 mEq/L) occurred in approximately 196 of hypertensive patients receiving 

ALTACE. In most cases, these were isolated values, which resolved despite 

continued therapy. None of these patients was discontinued from the trials 

because of hyperkalemia. Risk factors for the development of hyperkalemia 

include renal insufficiency, diabetes mellitus, and the concomitant use of 
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potassium-sparing diuretics, potassium supplements, and/or potassium- 
containing salt substitutes, which should be used cautiously, if at all, with 
ALTACE. (See DRUG INTERACTIONS.) 


Impaired Liver Function: Since ramipril is primarily metabolized by hepatic 
esterases to its active moiety, ramiprilat, patients with impaired liver function 
could develop markedly elevated plasma levels of ramipril. No formal pharma- 
cokinetic studies have been carried out in hypertensive patients with impaired 
liver function. 


Surgery/Anesthesia: \n patients undergoing surgery or during anesthesia with 
agents that produce hypotension, ramipril may block angiotensin Il formation that 
would otherwise occur secondary to compensatory renin release. Hypotension 
that occurs as a result of this mechanism can be corrected by volume expansion. 


Information for Patients: Angioedema: Angioedema, including laryngeal 
edema, can occur with treatment with ACE inhibitors, especially following the first 
dose. Patients should be so advised and told to report immediately any signs or 
symptoms suggesting angioedema (swelling of face, eyes, lips, tongue, or 
difficulty in breathing) and to take no more drug until they have consulted with the 
prescribing physician. 


Symptomatic Hypotension: Patients should be cautioned that lightheadedness 
can occur, especially during the first days of therapy, and it should be reported. 
Patients should be told that if syncope occurs, ALTACE™ (ramipril) should be 
discontinued until the physician has been consulted. 

All patients should be cautioned that inadequate fluid intake or excessive 
perspiration, diarrhea, or vomiting can lead to an excessive fall in blood pressure, 
with the same consequences of lightheadedness and possible syncope. 


Hyperkalemia: Patients should be told not to use salt substitutes containing 
potassium without consulting their physician. 


Neutropenia: Patients should be told to promptly report any indication of 
infection (e.g., sore throat, fever), which could be a sign of neutropenia, 


Drug Interactions: With Diuretics: Patients on diuretics, especially those in 
whom diuretic therapy was recently instituted, may occasionally experience an 
excessive reduction of blood pressure after initiation of therapy with ALTACE. 
The possibility of hypotensive effects with ALTACE can be minimized by either 
discontinuing the diuretic or increasing the salt intake prior to initiation of 
treatment with ALTACE. If this is not possible, the starting dose should be 
reduced. 


With Potassium Supplements and Polassium-Sparing Diuretics: ALTACE can 
attenuate potassium loss caused by thiazide diuretics. Potassium-sparing 
diuretics (spironolactone, amiloride, triamterene, and others) or potassium 
supplements can increase the risk of hyperkalemia. Therefore, if concomitant use 
of such agents is indicated, they should be given with caution, and the patient's 
serum potassium should be monitored frequently. 


With Lithium. Increased serum lithium levels and symptoms of lithium toxicity 
have been reported in patients receiving ACE inhibitors during therapy with 
lithium. These drugs should be coadministered with caution, and frequent 
monitoring of serum lithium levels is recommended. Ifa diuretic is also used, the 
risk of lithium toxicity may be increased. 


Other: Neither ALTACE nor its metabolites have been found to interact with food, 
digoxin, or antacid. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No evidence of a 
tumorigenic effect was found when ramipril was given by gavage to rats (up to 500 
mg/kg/day for 24 months) or to mice (up to 1,000 mg/kg/day for 18 months). 
Dosages greatly in excess of those recommended for humans produced hypertro- 
phy of the renal juxtaglomerular apparatus in mice, rats, dogs, and monkeys. No 
mutagenic activity was detected in the Ames test in bacteria, the micronucleus lest 
in mice, unscheduled DNA synthesis in a human cell line, or a forward gene- 
mutation assay in a Chinese hamster ovary cell line. Several metabolites and 
degradation products of ramipril were also negative in the Ames test. A study in 
rats m dosages as great as 500 mg/kg/day did not produce adverse effects on 
fertility. 


Pregnancy: Pregnancy Category D: See WARNINGS. 


Nursing Mothers: ingestion of a single 10 mg oral dose of ALTACE resulted in 
undetectable amounts of ramipril and its metabolites in breast milk. However, 
because multiple doses may produce low milk concentrations that are not 
predictable from single doses, ALTACE should not be administered to nursing 
mothers. 


Geriatric Use: Of the total number of patients who received ramipril in US 
Clinical studies of ALTACE 11.0% were 65 and over while 0.2% were 75 and over. 
No overall differences in effectiveness or safety were observed between these 
patients and younger patients, and other reported clinical experience has not 
identified differences in responses between the elderly and younger patients, but 
greater sensitivity of some older individuals cannot be ruled out. 

One pharmacokinetic study conducted in hospitalized elderly patients indi- 
cated that peak ramiprilat levels and area under the plasma concentration time 
curve (AUC) for ramiprilat are higher in older patients. 


Pediatric Use: Safety and effectiveness in children has not been established. 


ADVERSE REACTIONS: ALTACE has been evaluated for safety in over 4,000 
patients with hypertension; of these, 1,230 patients were studied in US controlled 
trials, and 1,107 were studied in foreign controlled trials. Almost 700 of these 
patients were treated for at least one year. The overall incidence of reported 
adverse events was similar in ALTACE and placebo patients. The most frequent 
clinical side effects (possibly or probably related to study drug) reported by 
patients receiving ALTACE in US placebo-controlled trials were: headache 
(5.4%), “dizziness” (2.2%) and fatigue or asthenia (2.0%), but only the last was 
more common in ALTACE patients than in patients given placebo. Generally, the 
side effects were mild and transient, and there was no relation to total dosage 
within the range of 1.25 to 20 mg. Discontinuation of therapy because of a side 
effect was required in approximately 3% of US patients treated with ALTACE. The 
most common reasons for discontinuation were: cough (1.0%), “dizziness” 
(0.5%), and impotence (0.4%). —— 

The side effects considered possibly or probably related to study drug that 
occurred in US placebo-controlled trials in more than 1% of patients treated with 
ALTACE are shown below. 
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Altace’ Placebo 

(N = 651) (N = 286) 
a ERs Te ge ales 
Headache 35 54 17 5.9 
"Dizziness" 14 22 9 3.1 
Asthenia (Fatigue) — 13 20 2 0.7 
Nausea/ Vomiting 7 11 3 1.0 


In placebo-controlled trials, there was also an excess of upper respiratory 
infection and flu syndrome in the ramipril group. As these studies were carried 
out before the relationship of cough to ACE inhibitors was recognized, some of 
these events may represent ramipril-induced cough. In a later 1-year study, 
increased cough was seen in almost 12% of ramipril patients, with about 4% of 
these patients requiring discontinuation of treatment. Other adverse experiences 
reported in controlled clinical trials (in less than 1% of ramipril patients), or rarer 
events seen in postmarketing experience, include the following (In some, a 
causal relationship to drug use is uncertain.): 


Cardiovascular: Symptomatic hypotension (reported in 0.5% of patients in US 
trials) (see PRECAUTIONS and WARNINGS), syncope (not reported in US trials), 
angina pectoris, arrhythmia, chest pain, palpitations, and myocardial infarction. 


Renal: Some hypertensive patients with no apparent pre-existing renal disease 
have developed minor, usually transient, increases in blood urea nitrogen and 
serum creatinine when taking ALTACE, particularly when ALTACE was given 
concomitantly with a diuretic. (See WARNINGS.) 


Angioneurotic Edema: Angioneurotic edema has been reported in 0.3% of 
patients in US clinical trials. (See WARNINGS.) 


Cough: A tickling, dry, persistent, nonproductive cough has been reported with — 


the use of ACE inhibitors. Approximately 1% of patients treated with ALTACE 
have required discontinuation because of cough. The cough disappears shortly 
after discontinuation of treatment. 


Gastrointestinal: Abdominal pain (sometimes with enzyme changes suggesting 
pancreatitis), anorexia, constipation, diarrhea, dry mouth, dyspepsia, dysphagia, 
gastroenteritis, nausea, increased salivation, taste disturbance, and vomiting. 


Dermatologic: Apparent hypersensitivity reactions (manifested by dermatitis, 
pruritus, or rash, with or without fever), photosensitivity, and purpura. 


Neurologic and Psychiatric: Anxiety, amnesia, convulsions, depression, hearing 
loss, insomnia, nervousness, neuralgia, neuropathy, paresthesia, somnolence, 
tinnitus, tremor, vertigo, and vision disturbances. 


Other: arthralgia, arthritis, dyspnea, edema, epistaxis, impotence, increased 
sweating, malaise, myalgia, and weight gain. 


Clinical Laboratory Test Findings: Creatinine and Blood Urea Nitrogen: 
Increases in creatinine levels occurred in 1.2% of patients receiving ALTACE 
alone, and in 1.5% of patients receiving ALTACE and a diuretic. Increases in 
blood urea nitrogen levels occurred in 0.5% of patients receiving ALTACE alone 
and in 3% of patients receiving ALTACE with a diuretic. None of these increases 
required discontinuation of treatment. Increases in these laboratory values are 
more likely to occur in patients with renal insufficiency or those pretreated with 
a diuretic and, based on experience with other ACE inhibitors, would be expected 
to be especially likely in patients with renal artery stenosis. (See PRECAUTIONS 
and WARNINGS.) 

Since ramipril decreases aldosterone secretion, elevation of serum potas- 
sium can occur. Potassium supplements and potassium-sparing diuretics should 
be given with caution, and the patient's serum potassium should be monitored 
frequently. (See PRECAUTIONS and WARNINGS. ) 


Hemoglobin and Hematocrit: Decreases in hemoglobin or hematocrit (a low value 
and a decrease of 5 g/dl or 5% respectively) were rare, occurring in 0.4% of 
patients receiving ALTACE alone and in 1.5% of patients receiving ALTACE plus 
a diuretic. No US patients discontinued treatment because of decreases in 
hemoglobin or hematocrit. 


Other (causal relationships unknown): Clinically important changes in standard 


laboratory tests were rarely associated with ALTACE administration. Elevations —. 


of liver enzymes, serum bilirubin, uric acid, and blood glucose have been 
reported, as have scattered incidents of leukopenia, eosinophilia, and proteinuria. 
In US trials, less than 0.2% of patients discontinued treatment for laboratory 
abnormalities: all of these were cases of proteinuria or abnormal liver-function 
tests. 


OVERDOSAGE: Human overdoses of ramipril have not been reported, but the 
most common manifestation of human ramipril overdosage is likely to be 
hypotension. Because the hypotensive effect of ramipril is achieved through 


vasodilation and effective hypovolemia, it is reasonable to treat ramipril overdose — i 


by infusion of normal saline solution. 
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Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 


Both under the care of the same 


physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

lo maintain the high standards 
of quality care, and because 
some drugs work better than 





others on different people, it is 
essential to have this diversity. 


America s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 





Pharmaceutical 
Manufacturers 
Association 


IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT. 








SYSTEMIC HYPERTENSION 


Antihypertensive Effect of Felodipine 
Associated with Persistent Sympathetic 
Activation and Minimal Regression of 
Left Ventricular Hypertrophy 


Frans H. H. Leenen, MD, PhD, and Donna L. Holliwell, RN 





Twenty patients whose systemic hypertension was 
not controlled with chronic 8-blocker therapy were 
studied to evaluate the acute (first dose), short- 
term (4 weeks) and chronic (6 to 12 months) ef- 
fects of the calcium antagonist felodipine on blood 
pressure (BP), left ventricular (LV) anatomy and 
function and on plasma norepinephrine. The first 
dose of felodipine rapidly reduced total peripheral 
resistance and BP, associated with significant in- 
creases in heart rate, cardiac output and plasma 
norepinephrine. During chronic therapy, at the 
end of the dosing interval (12 hours), significant 
decreases in BP persisted with minimal changes in 
the other variables. However, even after 1 year of 
therapy BP after dosing again rapidly decreased 
associated with 50 to 100% increases in plasma 
norepinephrine and small increases in heart rate 
and cardiac output. Despite the marked decreases 
in systolic BP, LV wall thickness and mass 
showed only small decreases (LV mass — 17 + 7 
g/m? after 1 year) and significant LV hypertrophy 
persisted after 1 year. Both average systolic BP 
and plasma norepinephrine were significant deter- 
minants of LV mass over the duration of the 
study. 

It is concluded that during chronic treatment 
with the twice-daily tablet formulation of felodi- 
pine, major daily fluctuations in BP persist associ- 
ated with persisting sympathetic hyperactivity. 
The latter may play a role in the modest regres- 
sion of LV hypertrophy despite 30 to 40 mm Hg 
decreases in systolic BP for 1 year. 

(Am J Cardiol 1992;69:639-645) 


From the Hypertension Units of Toronto Western Hospital and the 
University of Ottawa Heart Institute Ottawa, Ontario, Canada. This 
study was supported by operating grants from Astra Pharma and the 
Heart and Stroke Foundation of Ontario. Dr. Leenen is Career Investi- 
gator of the Heart and Stroke Foundation of Ontario. Manuscript 
received August 1, 1991; revised manuscript received and accepted 
October 30, 1991. 

Address for reprints: Frans H.H. Leenen, MD, PhD, Hypertension 
Unit, University of Ottawa Heart Institute H360, 1053 Carling Ave- 
nue, Ottawa, Ontario, Canada K1Y 4E9. 


subclass decrease blood pressure (BP) primarily 

by arterial vasodilation.! At acute administra- 
tion this is associated with (reflex) increases in sympa- 
thetic activity and cardiac function (e.g., reference 2). 
Several studies?? reported that this hyperdynamic state 
disappears during chronic treatment. Possible mecha- 
nisms involved include resetting of the arterial baro- 
reflex and interference with sympathetic activity.>° 
However, other studies reported persistent increases in 
plasma catecholamines?-!? and cardiac output. These 
variable results may relate to differences between 1,4 
dihydropyridines (e.g., more or less vascular selectivity), 
formulations (e.g., slow versus fast absorbed'?) or in 
peak/trough ratios and variable resetting/activation of 
baroreflexes. 

Effects of 1,4 dihydropyridines on left ventricular 
(LV) hypertrophy have been reported as regression sim- 
ilar to the decrease in BP,'?:'* but also as minimal to no 
regression.!?!6 These variable results on LV mass may 
relate to the variable effects on sympathetic activity, 
which through alpha; receptors may stimulate cardiac 
growth." To evaluate this possibility, the 1,4 dihydro- 
pyridine felodipine, which has a high vascular selectiv- 
ity,'8 was studied after acute, short-term and chronic 
dosing. When felodipine was given as a conventional 
tablet, a rapid absorption and fairly large peak/trough 
ratios persisted during chronic therapy,!? thus increas- 
ing the likelihood of persisting sympathetic hyperac- 
tivity. To remove changes in cardiac B-receptor stimu- 
lation, hypertensive patients given chronic 6-blocking 
therapy were studied. 


C antagonists of the 1,4 dihydropyridine 


METHODS 

Patients: Twenty patients (15 men and 5 women, 
aged 57 + 2 years [range 29 to 70]) entered the study. 
Patients were eligible if they had increased LV mass, 
essential hypertension and supine diastolic BP remained 
>95 mm Hg after 4 weeks of therapy with combination 
therapy of B blocker and placebo. Exclusion criteria in- 
cluded myocardial infarction or stroke within the previ- 
ous year, angina pectoris, impaired liver or renal func- 
tion, congestive heart failure, valvular disease, pregnan- 
cy, history of unreliable drug intake or other serious 
disease. 

General study design: The study consisted of 3 
phases: an initial single-blind placebo period of 4 weeks, 
followed by 4 weeks of double-blind felodipine or place- 
bo, followed by a 1-year follow-up with open-label felo- 
dipine. Patients were seen at 2-week intervals during the 
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first 2 phases and at 2-month intervals during the 1- 
year follow-up study. At the initial visit preexisting anti- 
hypertensive therapy was withdrawn; Ó-blocker treat- 
ment was changed to metoprolol 50 mg twice daily, 
which was continued throughout the study. For the first 
4 weeks patients received placebo twice daily in a sin- 
gle-blind manner. Eligible patients were then random- 
ized in a double-blind manner to placebo twice daily, 
and felodipine 5 or 10 mg twice daily. The latter group 
started with 5 mg twice daily for the first 2 days to 
minimize the occurrence of adverse effects. This double- 
blind period lasted 4 weeks. Subsequently, 16 patients 
(11 men and 5 women aged 57 + 3 years) entered a 1- 
year open follow-up study. Therapy with felodipine was 
begun at 5 mg twice daily and increased up to 20 mg 
twice daily if needed in order to obtain supine diastolic 
BP <85 mm Hg. Three patients received 5 mg twice 
daily, 6 patients 10 mg twice daily and 7 patients 20 mg 
twice daily. If the BP persisted above this level, hydro- 
chlorothiazide 12.5 to 25 mg/day (or equivalent) was 
added; this occurred in 6 of 16 patients. 

Specific study protocol: Special studies were per- 
formed after 2 weeks of single-blind placebo, at the be- 
ginning of the double-blind period (i.e., the first dose of 
double-blind felodipine vs placebo), after 4 weeks (i.e., 
at the end) of the double-blind period and after 6 and 
12 months of follow-up. Caffeine-containing beverages, 
alcohol or cigarette smoking were not allowed the night 
before and the morning of the study. After taking a 
standardized, light breakfast at home, patients came to 
the hospital at 8:00 a.m. Studies were performed in the 
same quiet, temperature - controlled study room and by 
the same research assistant. After body weight was 
measured, the patient assumed a semisupine position 
and | venous indwelling catheter was inserted. A BP 
cuff was applied for monitoring of BP by Roche Arte- 
riosonde 1226 and electrocardiography electrodes for 
monitoring of heart rate. After a 20-minute rest, BP 
and heart rate were measured every 2 minutes for 10 
minutes (the means used for statistical analysis). At the 
end of these 10 minutes an echocardiogram and a blood 
sample were obtained. Subsequently that day’s tablets 
were administered. The hemodynamic assessment out- 
lined previously was repeated at +20 to +30, +50 to 
+60, +80 to +90 and +110 to +120 minutes after drug 
administration. Blood samples were only obtained at 
+60 and +120 minutes. Subsequently, subjects would 
stand quietly for 15 minutes with BP and heart rate 
measurements obtained at 5 and 15 minutes and blood 
sampling obtained at 15 minutes. 

Echocardiography: Technically satisfactory LV 
echocardiograms were obtained in 12 (8 men and 4 
women) of the 20 patients during the double-blind, 
short-term study and in 9 (5 men and 4 women) of the 
16 patients during the long-term follow-up study. Three 
of these 9 patients took concomitant diuretic therapy. 
Echocardiograms were recorded with the subjects in the 
supine position turned 30° on their left side, with use of 
a Toshiba Sonolayer SSH-60 A echo machine with a 
3.75 MHz transducer in conjunction with a Toshiba 
Line Scan Recorder LSR-20B (Toshiba, Osaka, Ja- 
pan). M-mode echocardiograms were recorded under 2- 
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dimensional guidance, and tracings were recorded at a 
paper speed of 50 mm/s. Measurements were obtained 
to the nearest millimeter for 24 cardiac cycles during 
quiet respiration and the means were used for analysis. 
All echocardiograms in a patient were recorded in the 
same position, in the same intercostal area and in the 
same LV area, just below the tip of the mitral leaflets. 
Measurements were made by the same observer and 
were obtained according to the guidelines of the Ameri- 
can Society of Echocardiography.? The following pa- 
rameters were measured or calculated: LV end-diastol- 
ic and end-systolic dimensions, septal and posterior 
wall thicknesses in systole and diastole, percent fraction- 
al shortening and ejection fraction. LV mass was cal- 
culated according to the Penn convention2!: 1.04 X 
([LV end-diastolic dimension + (septal + posterior wall 
thickness in diastole)]? — LV end-diastolic dimension?) 
-13.6 and presented as mass index (g/m?). LV end-dia- 
stolic and end-systolic volumes, estimated by the cube 
function formula from corresponding dimensions, were 
used to calculate stroke volume and cardiac index. Total 
peripheral resistance was calculated from mean BP 
(diastolic BP and one-third pulse pressure) and cardiac 
index. Echocardiographic measurements were obtained 
in a blinded fashion (i.e., technicians were unaware of 
treatment status and previous measurements). 

Analytic methods: Plasma catecholamines were 
measured by a radioenzymatic assay.?? Plasma felodi- 
pine was analyzed using gas chromatography with elec- 
tron capture detection and plasma metoprolol by high- 
performance liquid chromatography (both were per- 
formed in the laboratories of AB Hassle, Sweden). 

Statistical analysis: Results are expressed as means 
i SEM. Statistical analysis was performed by analysis 
of variance for repeated measures using either absolute 
values or changes from baseline. The maximal R? im- 
provement technique was used as the method for step- 
wise regression. A p value €0.05 was considered signifi- 
cant. For space reasons the actual data 30 and 90 min- 
utes after dosing have not been included in the Tables 
and Figures. 


RESULTS 

Blood pressure (Figures 1 and 2): Placebo caused 
minor, nonsignificant changes in BP. In contrast, the 
first dose of felodipine caused a rapid reduction in both 
systolic and diastolic BP. After 4 weeks of felodipine 
therapy, at the end of dosing, significant decreases in 
systolic BP persisted with both doses; a decrease in dia- 
stolic BP persisted only with the 10 mg dose. The next 
felodipine tablet again rapidly decreased BP further; 
the decrease was more pronounced with the 10 than the 
5 mg dose. During long-term treatment (6 and 12 
months), this pattern persisted (p «0.01 for systolic and 
diastolic BP versus BP at the initial placebo study dur- 
ing all time points and BP values at 1 and 2 hours ver- 
sus 12 hours after dosing). 

Heart rate (Table I): After administration of place- 
bo, heart rate had small, but significant decreases. This 
decrease did not occur after felodipine; compared with 
placebo, felodipine significantly increased heart rate by 
5 to 10 beats/min in the recumbent and standing posi- 
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tion both after the first dose, after 4 weeks, and after 6 
and 12 months of therapy (p «0.05). 

Left ventricular function and total peripheral resis- 
tance (Table Il and Figure 3): Placebo or felodipine 
caused minor, nonsignificant changes in LV end-diastol- 
ic and end-systolic volumes. Stroke volume, fractional 
shortening and ejection fraction also had only minor 
changes (data not shown). After administration of pla- 
cebo, cardiac output decreased by 0.5 liters/min, where- 
as after the first dose of felodipine cardiac output in- 
creased by 0.4 to 0.7 liters/min, resulting in a signifi- 
cant increase relative to placebo by about 1 liter/min at 
1 and 2 hours after dosing (Figure 3). Compared with 
placebo, after short-term and chronic treatment, small 
(about 0.5 liter/min) but significant increases persisted. 
Felodipine induced the expected marked decrease in to- 
tal peripheral resistance, which continued with chronic 
treatment (Table II). 

Left ventricular wall thickness and mass (Figure 4): 
During the initial placebo study, LV mass showed very 


Systolic Blood Pressure 


180 - 


Week 4 


Plac. bid 


iA quw pe ra 


Long Term Img ma 


Initial Plac. 


Felod. 6mths 


i 


12 mths 
+1 hr 


Supine Standing 





FIGURE 1. First-dose, short-term (4 weeks) and chronic (6 
and 12 months) effects of felodipine (Felod.) on systolic blood 
pressure. Values represent mean + SEM. For number of pa- 
tients, See Table l; for statistics. see text. Plac. = placebo. 


minor changes: + 1 + 2 and —1 + 4 g/m? 1 and 2 
hours after placebo, indicating a high reproducibility. 
During the initial 4-week double-blind period minor, 
nonsignificant changes in LV mass were observed (re- 
sults not shown). During long-term therapy small (p 
<0.05) decreases in total LV wall thickness and mass 
were noted. LV mass had decreased by 13 + 5 g/m? 
after 6 months and by 17 + 7 g/m? after 1 year of 
felodipine therapy. Significant hypertrophy persisted. 
Plasma catecholamines (Figure 5): Placebo did not 
change plasma norepinephrine. The first dose of felodi- 
pine significantly increased plasma norepinephrine in 
patients in both the recumbent and upright positions. 
After 4 weeks of therapy, there was only a minor in- 
crease in plasma norepinephrine at 12 hours after dos- 
ing. However, the next dose of felodipine again signifi- 
cantly increased plasma norepinephrine both compared 
to the placebo group and to the value of 12 hours after 
dosing. The increase in plasma norepinephrine was 
more prominent in the group receiving 10 mg twice dai- 
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FIGURE 2. First-dose, short-term (4 weeks) and chronic (6 
and 12 months) effects of felodipine (Felod.) on diastolic blood 
pressure. Values represent mean + SEM. For number of pa- 
tients, see Table l; for statistics see text. Plac. = placebo. 
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TABLE I Acute, Short- and Long-Term Effects of Felodipine on 
Heart Rate (beats/minute) in Hypertensive Patients Receiving 
Chronic Beta-Blocking Therapy 








After Dosing (min) 









y Baseline Recumbent 
x Before Standing— 
Dosing +60 +120 +15 






After first dose 













Placebo (n = 7) 65+4 56+3 56+3 63+3 
Felodipine 
5 mg (n = 7) 66:4 65-3 63+4 71-4 
5 mg (n = 6) 63-3 66+2 62+1 68-2 
After 4 weeks 
Placebo (n = 7) 57+3 52+2 51+2 58+3 
Felodipine 
5 mgtwicedaily(n — 7) 63+3 62+2 60-3 69+2 
10 mg twice daily (n = 6) 62 * 3 63-2 61+2 68-2 
Long-term study 
Initial placebo study 
(n = 16) 60+2 56+2 54+2 603-2 
Felodipine 
6 months (n = 16) 65+3 62+2 60+2 68+2 
12 months (n = 16) 59+2 62+2 
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FIGURE 3. First-dose, short-term (4 weeks) and chronic (6 

l and 12 months) effects of felodipine on cardiac output. Values 
^ represent mean + SEM. For number of patients, See Table Il; 
» *p <0.05 vs placebo. 





ly than in the group receiving 5 mg twice daily. This 
same pattern was still apparent after 6 and 12 months 
of therapy, with the increases at 12 months as large as 
those after the first dose. Patients without (n = 10) or 
with (n = 6) concomitant diuretic therapy had similar 
changes. Plasma epinephrine ranged from 30 to 50 


TABLE II Acute, Short- and Long-Term Effects of Felodipine on 
Total Peripheral Resistance (units) in Hypertensive Patients 
Receiving Chronic Beta-Blocker Therapy 


After Dosing (min) 
Baseline 
Before Dosing 


+60 +120 


After first dose 
Placebo (n = 4) 
Felodipine (n = 8) 

After 4 weeks 
Placebo (n = 4) 
Felodipine (n = 8) 

Long-term 
Initial placebo (n = 9) 
Felodipine 

6 mo (n = 9) 
12 mo (n = 9) 


LV WALL THICKNESS 


LV MASS 


12 mths 





FIGURE 4. Changes in left ventricular (LV) wall thickness and 
mass as a result of chronic administration of felodipine. Val- 
ues represent mean + SEM (n = 9); *p «0.05 for change from 
baseline; baseline LV mass, 180 + 15 g/m?; baseline LV wall 
thickness (septum + posterior wall); 27 + 1 mm. 
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pg/ml (recumbent position) and from 50 to 80 pg/ml 
(upright position). Compared with placebo, felodipine 
caused no changes (data not shown). 

Determinants of left ventricular mass: The average 
systolic BP correlated significantly (r = +0.49, p = 
0.01) with LV mass over the 1-year follow-up. When 
the average plasma norepinephrine was added a greatly 
improved correlation resulted (r = 0.76, p <0.001). In 
addition, average systolic BP correlated significantly 
with plasma norepinephrine (r = —0.51, p <0.01). 

Plasma felodipine and metoprolol (Table Ill): Plas- 
ma felodipine concentrations were fairly similar at 1 
and 2 hours after dosing and showed the expected dose 
relation. At 12 hours after dosing plasma concentrations 
were less than 3 of (presumably) peak concentrations. 
Plasma metoprolol concentrations remained unchanged 
in the placebo group. Felodipine caused minor, nonsig- 
nificant changes in the plasma metoprolol concentra- 
tions. 
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FIGURE 5. First-dose, short-term (4 weeks) and chronic (6 

and 12 months) effects of felodipine on plasma norepineph- 

rine. Values represent mean + SEM; for number of patients, 
see Table I; *p «0.05 vs placebo (Plac.). 


DISCUSSION 

The present study confirms the effectiveness of the 
1,4 dihydropyridine felodipine in causing arterial vaso- 
dilation and decreases in total peripheral resistance and 
BP. Fairly major daily variations in BP (20 to 25 mm 
Hg) persisted during chronic treatment with this twice- 
daily tablet formulation and were associated with per- 
sistent increases in plasma norepinephrine (50 to 100%). 
Despite the marked decreases in systolic BP (by 30 
to 40 mm Hg), LV wall thickness and mass showed 
only small decreases and significant LV hypertrophy 
persisted. 

After oral administration of a tablet in its conven- 
tional formulation, felodipine quickly appears in the cir- 
culation and a marked BP reduction is already apparent 
within 30 minutes,? with peak effects within 1 to 2 
hours. During chronic treatment, at the end of the dose 
interval, a significant antihypertensive effect is still pres- 
ent, but after the next dose BP again rapidly decreases; 
the extent of this rapid decrease is only slightly less af- 
ter chronic dosing than after the first dose. Thus, the 
overall BP level decreases during chronic felodipine 
therapy, but significant daily variations in BP persist. 
Based on this BP pattern, one may expect resetting of 
the arterial baroreflex to a lower level,^?? but deactiva- 
tion of the baroreflex to occur related to the time after 
dosing. As evidence of vagal withdrawal (in patients re- 












TABLE Ili Plasma Felodipine and Metoprolol Concentrations 
After Acute, Short- and Long-Term Administration of Felodipine 
to Hypertensive Patients Receiving Chronic Metoprolol Therapy 





After Dosing (min) 
Baseline — 
Before Dosing +60 +120 














Plasma Felodipine (nmol/liter) 





After first dose 


Felodipine 5 mg 0 10-2 10-2 
Felodipine 5 mg 0 10-4 / +2 
After 4 weeks 
Felodipine 5 mg twice 4x1 18 - 3 12 +4 
daily 
Felodipine 10 mg twice 8+2 26+8 25 E 
daily 
Long-term 
Felodipine 6 mos 8+2 


Felodipine 12 mos 





After first felodipine dose 














Placebo 93 + 38 307 +71 254+ 64 
Felodipine 5 mg 3129 2852x261 209 «29 
Felodipine 5 mg 58 + 31 249+67 271+ 54 
After 4 weeks 
Placebo 96 + 34 295+70 305+ 64 
Felodipine 5 mg twice 3124-6 326-24 200-15 
daily 
Felodipine 10 mg twice 68 + 31 321.5 111... 346 x: 72 
daily 
Long-term 
Initial placebo study 65 * 19 187-23 248+ 35 
Felodipine 6 mos 66 + 37 307+ 56 (276251 
Felodipine 12 mos 52 + 20 229+50 257+ 42 


Values are mean + SEM; for n see Table | 
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ceiving chronic 6 blockade), small increases in heart 
rate continued, and as evidence of sympathetic hyperac- 
tivity plasma norepinephrine continued to markedly in- 
crease after dosing, even after 1 year of therapy. At the 
end of the dose interval during chronic treatment, only 
minor increases in plasma norepinephrine remained de- 
spite BP levels, similar to those 1 to 2 hours after the 
first dose of felodipine, indicative of resetting of the 
baroreflex. 

What could be the reasons for persisting sympathet- 
ic hyperactivity with felodipine, compared with other 
studies (mainly with nifedipine)? The most likely expla- 
nation relates to the profile of induced BP reduction, 
i.e., formulations causing rapid decreases in BP, and 
doses or dosing interval resulting in substantial peak/ 
trough ratios, can be expected to cause persistent in- 
creases in sympathetic activity in the initial hours after 
dosing. Thus, nifedipine capsules administered 3 times 
daily can be expected to induce large fluctuations in 
BP^' and to increase plasma norepinephrine during 
chronic treatment,!! whereas nifedipine tablets adminis- 
tered twice daily, particularly at higher doses, will cause 
more stable BP decreases?*2^ and thus little or no in- 
creases in plasma norepinephrine after dosing.??.!0 In 
addition, 1,4 dihydropyridines can decrease sympathetic 
activity.^? It is possible that different 1,4 dihydropyri- 
dines differ in this regard and that felodipine with its 
high vascular selectivity!’ may have less inhibitory ef- 
fects on sympathetic activity than, e.g., nifedipine or ni- 
soldipine.$ 

In this group of hypertensive patients with normal 
LV systolic function and taking chronic 6-blocker thera- 
py, felodipine caused only minor changes in LV systolic 
function, similar to our previous findings with nifedi- 
pine.'° The small increase in cardiac output related to a 
small increase in heart rate and unchanged stroke vol- 
ume, suggesting that venous return increased as well, 
possibly due to the sympathetic hyperactivity.2° How- 
ever, despite an unchanged LV end-diastolic dimension 
(and likely end-diastolic wall stress) and a marked de- 
crease in systolic BP, LV wall thickness and mass had 
only small changes over the 1 year of follow-up. Similar 
small changes in LV wall thickness and mass during 1- 
year treatment with the same felodipine formulation 
were recently reported by Jennings et al.*’ Considering 
the initial BP and LV mass and the marked antihyper- 
tensive effect, one could have expected decreases in LV 
mass by 30 to 40 g/m? during chronic treatment.?? 
Rather, felodipine in the formulation used appears to 
act as a classic arterial vasodilator (such as minoxidil, 
hydralazine). In spontaneously hypertensive rats, both 
felodipine?? and minoxidil?? cause eccentric LV hyper- 
trophy despite a persistent antihypertensive effect. In 
hypertensive humans receiving -blocker therapy, both 
felodipine (present study) and hydralazine? cause only 
a minimal decrease in LV mass. Moreover, both felodi- 
pine and hydralazine cause continuous increases in plas- 
ma norepinephrine. In the absence of evidence for acti- 
vation of other cardiac growth promoting mechanisms, 
such as cardiac volume overload or cardiac renin, it is 
tempting to speculate that for both hydralazine and 
felodipine the increase in cardiac sympathetic activity 





sufficiently stimulates cardiac growth to prevent the re- 
gression expected from the decrease in end-systolic wall 
stress. Indeed, during the study LV mass correlated 
with both systolic BP and plasma norepinephrine. The 
variable results reported for the effects of 1,4 dihydro- 
pyridines on LV hypertrophy!?!© may relate to their 
variable effects on sympathetic activity.?37-10 

Assessment of plasma concentrations of felodipine 
showed levels at the end of dosing that were compatible 
with good compliance and the expected increases after 
dosing. Administration of felodipine did not change 
plasma concentrations of metoprolol at acute dosing or 
during chronic treatment. These results suggest that no 
clinically relevant pharmacokinetic interaction occurs 
with this common combination. 
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CONGESTIVE HEART FAILURE 


Dissociation of Sympathetic Responses to 
Baroreceptor Loading and Unloading in 
Compensated Congestive Heart Failure 
Secondary to Ischemic or Nonischemic 

Dilated Cardiomyopathy 


Steven R. Goldsmith, MD, and Gregory J. Hasking, MB, BS 





This study tested the hypothesis that abnormali- 
ties of baroreceptor-mediated suppression of sym- 
pathetic activity may persist in chronic congestive 
heart failure (CHF) despite pharmacologic treat- 
ment and clinical stability. Plasma norepinephrine 
and norepinephrine kinetics (using *HNE infu- 
sions) were measured during head-up and head- 
down tilt in 8 patients with chronic CHF and 6 
normal control subjects. In response to upright 
tilt, normal subjects increased plasma norepineph- 
rine (270 + 45 to 413 + 60 pg/ml, p <0.001) and 
norepinephrine spillover (540 + 103 to 781 + 124 
ng/min, p <0.001). Patients also increased plasma 
norepinephrine (436 + 105 to 600 + 112 pg/ml, p 
<0.05) and norepinephrine spillover (802 + 180 
to 1,037 + 370 ng/min). During head-down tilt, 
plasma norepinephrine decreased in normal sub- 
jects (from 413 + 60 to 256 + 26 pg/ml, p 
<0.001). The decrease was due entirely to a de- 
crease in norepinephrine spillover (781 + 124 to 
466 + 40 ng/min, p <0.001). In contrast, there 
was no significant change in norepinephrine spill- 
over (1,037 + 370 to 949 + 338 ng/min) during 
head-down tilt in patients with CHF. These data 
suggest that suppression of sympathetic activity 
during baroreceptor loading may be defective in 
CHF despite relative preservation or correction of 
the response to baroreceptor unloading. 

(Am J Cardiol 1992;69:646-649) 


From the Hennepin County Medical Center and the University of 
Minnesota, Minneapolis, Minnesota. This research was supported by a 
Grant-in-Aid from the American Heart Association, Dallas, Texas, and 
by Program Project Grant PO01HL32427 from the National Heart, 
Lung, and Blood Institute, Bethesda, Maryland. Dr. Goldsmith is an 
Established Investigator of the American Heart Association and Ciba- 
Geigy Corporation. Manuscript received August 5, 1991; revised manu- 
script received and accepted November 12, 1991. 

Address for reprints: Steven R. Goldsmith, MD, Hennepin County 
Medical Center, Cardiology Division, 701 Park Avenue, Minneapolis, 
Minnesota 55415. 


a hallmark of symptomatic congestive heart failure 

(CHF).! The mechanism responsible for chronically 
increased sympathetic nervous system activity in CHF 
is not yet clear. Much speculation has been devoted to 
baroreceptor dysfunction as a possible contributing fac- 
tor. Although several studies?? have shown abnormal 
sympathetic responses to baroreceptor unloading — and 
demonstrated improvement with treatment^? — much 
less information is available concerning sympathetic re- 
sponses to baroreceptor loading, especially in compen- 
sated CHF in which increased sympathetic activity per- 
sists. We therefore designed the current investigation to 
assess the responses of the sympathetic nervous system 
to both baroreceptor unloading and loading in a group 
of patients with chronic compensated CHF. 


[state activity of the sympathetic nervous system is 


METHODS 

Eight patients with chronic CHF and 6 normal con- 
trol subjects formed the study group: 6 patients were 
men aged 35 to 77, and the etiology of CHF was non- 
ischemic (5 patients) or ischemic cardiomyopathy (3 
patients). All patients had confirmed reductions of left 
ventricular systolic function (radionuclide ventriculo- 
graphic ejection fraction <35% or echocardiogram with 
moderately severe to severe left ventricular dysfunction) 
and were in New York Heart Association functional 
class II (3 subjects) or III (5 subjects) at the time of 
study. All patients were taking diuretics, 7 of 8 were 
taking digitalis and angiotensin-converting enzyme in- 
hibitor therapy. All drugs were withheld on the day of 
study. Normal subjects (5 men and 1 woman, aged 26 
to 67 years) had no evidence of cardiovascular disease, 
were not receiving any medication. Appropriate in- 
formed consent in accord with institutional guidelines 
was obtained from all subjects. On the day of study, 
subjects reported to an outpatient study area and were 
positioned on a tilt table. Intravenous cannulas were in- 
serted in each forearm and baseline heart rate and 
blood pressure were obtained. After thirty minutes of 
supine rest a 12 wCi bolus of ?HNE (Dupont-New En- 
gland Nuclear) was given followed by a 0.8 wCi/min 
infusion. Blood samples for norepinephrine and ?HNE 
were obtained at 25, 30 and 60 minutes for normal sub- 
jects, and 50, 60, and 90 minutes for patients with 
CHF. Heart rate and mean arterial pressure were re- 
corded at each time point. Subjects were then tilted 60° 
upright for 15 minutes with all variables reassessed at 
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TABLE | Summary Results in Normal Subjects (n = 6) 
Infusion Head-Up Tilt Head-Down Tilt 



















65 £ 3:7 69 + 4.4 64 + 3.0 
90 + 4.5 94 + 4.0 88 + 3.7 


Heart rate (beats/min) 

Mean arterial pressure 
(mm Hg) 

Plasma NE (pg/ml) 270 +45 413 + 60* 256 + 261 

NE clearance (liters/min) 2.0 +0.14 1.8 + 0.12 1.8 + 0.08 

NE spillover (ng/min) 540 + 103 781 + 124* 466 + 40tłf 


*p «0.001 relative to infusion; tp <0.001 relative to head-up tilt; ip «0.05 
relative to control. 

Summary data for the normal subjects. "Infusion" values are those taken 60 
minutes after the initiation of the 3HNE infusion. 
NE = norepinephrine. 












that time. Finally, subjects were tilted 30° head-down 
for 15 minutes at which point final assessment of all the 
variables was obtained. 

Assays: All blood samples were obtained into chilled 
collection tubes, cold-centrifuged, and stored at —70° 
until assay. Plasma norepinephrine was measured by ra- 
dioenzymatic methods using the Cat-a-Kit (Amerschan 
Corporation, Kalamazoo, Michigan). Tritiated norepi- 
nephrine concentrations (dpm/ml) were measured by 
absorption of plasma catecholamines on to acid-washed 
alumina, elution with 0.2 N hydrochloric acid and di- 
rect scintillation counting of the eluates. Infusion rates 
were calculated from the activity of tritiated norepi- 
nephrine in the infusate and the volume rate of infusion. 
All samples from an individual subject were assayed in 
duplicate in the same assay. In this group of subjects, 
recovery of tritiated norepinephrine added to plasma in 
the concentration range produced by the experiment 
was 61 + 7%. Variation between duplicate samples in 
the same assay average 3% and in our laboratory, the 
interassay variation for duplicate samples was + 8%. 

Plasma norepinephrine kinetics: Norepinephrine ki- 
netics were assayed by the method of Esler et al. The 
method uses a steady-state infusion of a radiolabeled 
form of norepinephrine (CHNE) in tracer quantities. 
The basic assumptions are that the amount of infused 
3HNE has no direct impact on plasma norepinephrine 
levels, that there is no re-release of tracer in the body, 
and that the clearance (at steady state) of endogenous 
norepinephrine is equivalent to the clearance of infused 
3HNE. If the clearance of endogenous and exogenous 
norepinephrine are equivalent, then the following rela- 
tionship is implied. 

?HNE infusion rate (dpm/min) 

Plasma “HNE (dpm/liter) 


Norepinephrine spillover to plasma 
Plasma norepinephrine concentration (pg/ml) 


Therefore, norepinephrine spillover (ng/min) = plasma 
[norepinephrine] X clearance ?HNE. 

The key advantage of the technique is that one 
may make inferences about norepinephrine release and 
not rely solely on plasma norepinephrine concentration, 
which is affected independently by both release rates 
and clearance. This differentiation has been shown to be 
of importance in previous studies of clinical CHF.”* 
However, spillover is still an indirect reflection of sym- 


N 


TABLE II Summary Results in Patients with Congestive Heart 
Failure (n = 8) 


Infusion Head-Up Tilt  Head-Down Tilt 


Heart rate (beats/min) 745] 78 + 5.0 15€ 5:88 
Mean arterial pressure 90 + 4.2 93 + 2.9 92 + 3.1 


(mm Hg) 
Plasma NE (pg/ml) 436 X105 600+112* 456+ 122t 
NE clearance (liters/min) 1.7 + 0.18 1520.14 1:82.49 
NE spillover (ng/min) 802 + 180 1,037 +370* 949 + 338 

*p « 0.05, relative to infusion; tp « 0.05, relative to head-up tilt. 

Summary data for patients with congestive heart failure. "Infusion" values are those 


taken 90 minutes after the initiation of the 3HNE infusion. 
NE = norepinephrine. 





pathetic nervous system activity because it measures 
only that norepinephrine which appears in the blood- 
stream, not direct synaptic cleft norepinephrine concen- 
trations or nerve traffic. 

Statistics: One-way analysis of variance with repeat- 
ed measures compared the responses of each vari- 
able across time on each day for each subject group. 
A Mann-Whitney test was also used to compare the 
changes in each variable from head-up to head-down 
tilt between the 2 groups. 


RESULTS 

Summary data from the investigation are listed in 
Tables I and II. There were no differences between the 
25-, 30- and 60-minute data in the normal subjects, or 
between the 50-, 60- and 90-minute data in the patients 
with CHF. This stability indicates a steady state for the 
infused 3HNE. In Tables I and II, the immediate values 
before tilting are included as the "infusion" data. Fig- 
ures 1, 2 and 3 show the individual data points for plas- 
ma norepinephrine, norepinephrine clearance, and nor- 
epinephrine spillover. During upright tilt plasma norepi- 
nephrine increased in both groups due largely to an 
increase in spillover, although nonsignificant reductions 
in clearance were also seen. During head-down tilt 
plasma norepinephrine declined in normal subjects be- 
cause of a decrease in norepinephrine spillover, whereas 
clearance remained unchanged. Spillover suppressed to 
levels below control in the normal subjects. In patients 
with CHF, plasma norepinephrine also decreased dur- 
ing head-down tilt. However, there was no significant 
decrease in norepinephrine spillover in patients with 
CHF during head-down tilt, with values remaining ele- 
vated compared with those during both head-up tilt and 
at control before tilting. Mann-Whitney analysis indi- 
cated that the change in norepinephrine spillover during 
head-down tilt as a function of the head-up tilt values 
was different (p = 0.05) between normal subjects and 
those with CHF. 


DISCUSSION 

Upright tilt “unloads” both cardiopulmonary and 
sinoaortic baroreceptors and reliably produces an in- 
crease in sympathetic activity in normal subjects. This 
has been demonstrated using both plasma norepineph- 
rine and norepinephrine kinetics.?5 The current study 
confirmed these observations by showing an increase in 
norepinephrine spillover during upright tilt due primari- 


SYMPATHETIC RESPONSES IN CONGESTIVE HEART FAILURE. 647 





| 
l 


ly to an increase in norepinephrine spillover, although 
a nonsignificant decrease in clearance also occurred. 
Head-down tilt *loads" both cardiopulmonary and sino- 
aortic baroreceptors by means of central blood volume 
and pressure increases. Whereas typically no change in 
heart rate or blood pressure occurs, there is a hydrostat- 
ic effect on the sinoaortic baroreceptor as well. Head- 
down tilt in normal subjects has been reported to in- 
crease forearm blood flow,? an index of sympathetic re- 
lease, and to decrease plasma norepinephrine.!? There 
are no published data that we are aware of on norepi- 
nephrine kinetics during head-down tilt. In the current 
study, the decrease in plasma norepinephrine in normal 
subjects during head-down tilt was due entirely to a re- 
duction in norepinephrine spillover, indicating signifi- 
cant suppression of sympathetic activity, actually to lev- 
els below baseline. 

In patients with severe CHF studied without medi- 
cations, the sympathetic nervous system response to 
baroreceptor unloading during upright tilt, as assessed 
by plasma norepinephrine or norepinephrine spillover, is 
blunted.??5 Other reports have shown that the plasma 
norepinephrine response to upright tilt in compensated 
CHF patients may be normalized at least in part by 
drug therapy? or cardiac transplantation,!! suggesting 
that permanent baroreflex dysfunction is not present in 


tp«.001 relative to Infusion 
ttp«.001 relative to Tilt up 


Infusion Tilt Up Tilt Down 


tp«.05 relative to Infusion 
ttp«.05 relative to Tilt up 


Infusion Tilt Up Tilt Down 





FIGURE 1. Response of plasma norepinephrine (NE) to up- 
right and head-down tilt in normal subjects and patients with 
congestive heart failure (CHF). The “infusion” values are 
those measured at 60 minutes (normals) or 90 minutes (CHF) 
after the initiation of ?*HNE. 





these patients. We also noted an increase in both plas- 
ma norepinephrine and norepinephrine spillover during 
upright tilt. This response would suggest that the degree 
of sympathetic responsiveness to baroreceptor unloading 
was at least qualitatively normal in these stable, treated 
patients. 

In contrast, norepinephrine spillover to plasma failed 
to decline normally during head-down tilt in our pa- 
tients with CHF. This observation suggests that al- 
though the degree of clinical compensation achieved by 
therapy may have improved baroreflex function in re- 
sponse to unloading stimuli, a defect in baroreflex func- 
tion in response to baroreceptor loading maneuvers per- 
sisted. These results may implicate failure of baroreflex 
suppression of sympathetic activity as a contributor to 
the persistently increased level of sympathetic nervous 
system activity known to occur despite good symptom- 
atic relief in CHF. Although there is heterogeneity in 
the responses to both baroreceptor unloading and load- 
ing in CHF, it may be worth noting that patients with 
the highest values for norepinephrine spillover, i.e., 
those with the most activation of the sympathetic ner- 
vous system had the least tendency to decrease norepi- 
nephrine spillover during head-down tilt (Figure 3). 
These data do not prove that abnormal baroreflex func- 
tion actually causes increased sympathetic nervous sys- 


Infusion Tilt Up Tilt Down 


CHF 


Infusion Tilt Up Tilt Down 


FIGURE 2. Response of clearance (NE clear- 
ance) to upright and head-down tilt in normal subjects and pa- 
tients with congestive heart failure (CHF). The “infusion” val- 
ues are those measured at 60 minutes (normals) or 90 min- 
utes (CHF) after the initiation of *HNE. 
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NE 
Spillover 600 
ng/min 


tp«.001 relative to Infusion 
ttp«.001 relative to Tilt up 
+ p«.05 relative to Infusion 


Infusion Tilt Up Tilt Down 


CHF 


NE 
Spillover 
ng/min 


+p<.05 relative to Infusion 


Infusion Tilt Up Tilt Down 


FIGURE 3. Response of norepinephrine spillover (NE spillover) 
to upright and head-down tilt in normal subjects and patients 
with congestive heart failure (CHF). The “infusion” values are 
those measured at 60 minutes (normals) or 90 minutes (CHF) 
after the initiation of *HNE. 





tem activity in CHF, but failure of this suppressive 
mechanism could certainly have a permissive effect on 
sustained increases in sympathetic nervous system activ- 
ity, even if they were to have been initiated by other 
factors. 

We now have studied sympathetic responses in 3 
groups of patients with CHF during head-down tilt. In 
the first, with control values in the supine position, plas- 
ma norepinephrine levels did not decrease during head- 
down tilt.!° In the second (the current report), although 
plasma norepinephrine levels decreased, norepinephrine 
spillover did not decline after the additional stimulation 
of upright tilt. In a third group, reported as yet only in 
preliminary form, neither norepinephrine nor norepi- 
nephrine spillover decreased, again with control values 
in the supine position. Moe et al!? also found that 
plasma norepinephrine levels failed to decline in pa- 
tients with CHF during similar head-down tilt. The re- 
sults in our 3 groups of patients together with those of 
Moe, when compared with those in our normal control 
subjects, strongly suggest that there is a problem with 
baroreceptor-mediated suppression of sympathetic ac- 
tivity in CHF. In experimental settings, abnormalities 
of both cardiopulmonary receptor function and sinoaor- 
tic baroreceptor function in CHF have been report- 
ed.!^!5 From the available human studies, however, we 


cannot say whether the lack of sympathetic suppression 
in CHF is due to abnormalities in the cardiopulmonary 
baroreceptors, the sinoaortic baroreceptors, to central 
integration of afferent stimuli, or to abnormalities in ef- 
ferent output from the central nervous system. 

We did not measure hemodynamics in the current 
study. We therefore do not know whether the afferent 
stimuli were exactly comparable in relative or absolute 
terms in the 2 groups. Hydrostatic stress on the sinoaor- 
tic baroreceptors should have been the same, and it is 
likely that there was at least a comparable cardiopulmo- 
nary baroreceptor loading stimulus since preload reserve 
is lost in CHF. This was the case in the report of Moe et 
al,!3 where increases in central pressures were found in 
patients with CHF at least comparable to their control 
subjects. Cardiac output, however, did not increase in 
patients with CHF in the study of Moe, suggesting that 
at least some of the failure of sympathetic activity 
to decline could have been due to a lack of input to 
the sinoaortic baroreceptor. Further study is obviously 
needed if the mechanism of the abnormal sympathetic 
responses to baroreceptor loading in CHF is to be de- 
fined. 
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Value of Dipyridamole Thallium-201 Imaging in 

Noninvasive Differentiation of Idiopathic Dilated 

Cardiomyopathy from Coronary Artery Disease 
with Left Ventricular Dysfunction 


Taishiro Chikamori, MD, Yoshinori L. Doi, MD, Yoshihiro Yonezawa, MD, 
Mitsutoshi Yamada, MD, Hiromi Seo, MD, and Toshio Ozawa, MD 


OUR m EEE SY ONCE tee BOSE PERENNE DS eg 771 DECR 
The purpose of this study was to noninvasively dif- 


ferentiate in patients with reduced global left ven- 
tricular function between those with idiopathic di- 
lated cardiomyopathy (IDC) and coronary artery 
disease (CAD). Clinical features and findings of di- 
pyridamole thallium-201 imaging in 55 consecu- 
tive patients with IDC were compared with those 
in 77 with CAD. Left ventricular ejection fraction 
was similar between the 2 groups (34 + 16% vs 
39 + 7%). Patients with IDC had lower incidences 
of ischemic chest pain (11 vs 79%; p <0.0001), 
electrocardiographic evidence of myocardial in- 
farction (24 vs 82%; p <0.0001), and reversible 
defects (4 vs 5796; p <0.0001) than did those with 
CAD. The lowest percent thallium uptake in the 
initial imaging was less with CAD than IDC (30 + 
15% vs 59 + 10%; p «0.001). Patterns of perfu- 
sion defects were classified as: no defects, multi- 
ple small defects and large defects. Of patients 
with IDC, 15 had no defects, 19 had multiple 
small defects, and 21 had large defects, whereas 
all those with CAD had large defects (p «0.0001 ). 
Stepwise discriminant analysis, using chest pain 
and electrocardiography, revealed sensitivity of 
89%, specificity of 87%, accuracy of 88%, and 
positive predictive value of 8396 in the identifica- 
tion of patients with IDC. After including the find- 
ings of dipyridamole thallium imaging, analysis re- 
vealed that the combination of the lowest percent 
thallium uptake in the initial imaging, the chest 
pain, reversible defects, blood pressure at rest, 
pattern of perfusion defects and electrocardiogra- 
phy best identified (p <0.0001) patients with IDC 
(sensitivity 95%, specificity 96%, accuracy 95% 
and positive predictive value 9596). These results 
indicate that the addition of dipyridamole thallium- 
201 imaging data to known clinical and electro- 
cardiographic variables can help differentiate pa- 
tients with cardiac dysfunction between IDC and 
CAD with a high degree of certainty. 

(Am J Cardiol 1992;69:650-653) 
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athy (IDC) is obtained by the process of exclu- 

sion.!? Differentiation from coronary artery dis- 
ease (CAD) with left ventricular dysfunction is particu- 
larly important in the clinical setting and usually needs 
coronary angiography. The purpose of this study was to 
elucidate whether IDC could be differentiated noninva- 
sively from CAD with left ventricular dysfunction. We 
evaluated patients with IDC and CAD using dipyrida- 
mole thallium-201 imaging, which is particularly useful 
in those with limited exercise capacity.^? 


T= diagnosis of idiopathic dilated cardiomyop- 


METHODS 

Study patients: Fifty-five consecutive patients (45 
men and 10 women, aged 29 to 72 years, mean 57) with 
IDC referred to Kochi Medical School were studied. 
Diagnostic criteria were: (1) dilated left ventricle with 
ejection fraction <50% by left ventriculogram, and (2) 
exclusion of patients with specific heart muscle disease 
(infective or metabolic), general systemic disease (con- 
nective tissue disorders or infiltrative disease), sensitivi- 
ty/toxic reactions, and heredofamilial disorders.67 All 
patients had systolic and diastolic blood pressures «150 
and «90 mmHg, respectively. Fifty-three patients un- 
derwent coronary angiography; none had significant 
CAD (defined as diameter narrowing >50% in any 1 of 
the major coronary arteries or their branches). The re- 
maining 2 patients on whom autopsy was performed 
had no significant coronary atheroma. 

Seventy-seven consecutive patients (67 men and 10 
women, aged 31 to 78 years, mean 62) who had CAD 
and left ventricular dysfunction without a discrete left 
ventricular aneurysm were evaluated for comparison. 
All patients had left ventricular ejection fractions <50% 
by left ventriculogram. Twenty-one patients had 1-ves- 
sel, 25 had 2-vessel, 23 had 3-vessel, and 8 had left main 
CAD. 

Dipyridamole thallium-201 imaging: A scintigraph- 
ic study was performed within 1 week of angiography in 
all cases. Dipyridamole thallium-201 myocardial scan- 
ning was performed 215 hours after the cessation of 
cardioactive medication, with infusion of 0.568 mg/kg 
of dipyridamole, and walking in place for 3 minutes.5? 
Systolic blood pressure, heart rate and electrocardiogra- 
phy were monitored continuously with leads in the CC5 
position. Scintigraphic images were acquired as de- 
scribed previously." Data were analyzed using circum- 
ferential profile curve after smoothing and background 
subtraction of images.!! Myocardial uptake of thallium- 
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201 was calculated automatically for each 36 points 
along the profile curve and expressed as percent uptake 
after normalization to the maximum uptake in each 
view. The findings were interpreted by 2 observers who 
were unaware of the angiographic results. Defects were 
classified as reversible or fixed, according to convention- 
al method.!? Fixed defects were classified into 3 groups 
as described previously: no significant defects, multiple 
small defects and large defects." Disagreements were 
resolved by consensus. 

Eleven patients (aged 46 to 65 years, mean 56) with 
atypical chest pain and angiographically normal coro- 
nary arteries served as control subjects and provided the 
lower limit of normalcy in circumferential curves of per- 
cent uptake. 

Cardiac catheterization: Left heart catheterization 
and coronary angiography were performed in 130 pa- 
tients. Biplane left ventriculography was performed in 
the 30° right anterior oblique and 60° left anterior 
oblique projections with 20? cranial tilt, and was ana- 
lyzed as described previously.!? 

Statistical analysis: Results are expressed as mean 
+ 1 standard deviation. Student's ¢ test was used to 
compare means of the continuous variables, and contin- 
gency tables were analyzed using a chi-square test. Lin- 
ear discriminant analysis (with stepwise variable selec- 
tion with Wilks’ Lambda, which is the ratio of the with- 
in-groups sum of squares to the total sum of squares) 
was used to assess the potential to correctly identify 
IDC and CAD. A Bayes rule with equal prior probabili- 
ty was used for the identification, and results are pre- 
sented as sensitivity, specificity, accuracy and positive 
predictive value. A p value of 20.05 was considered not 
significant. The statistical computations were performed 
using the SPSS-PC+ computer program. 


RESULTS 

Clinical features (Table I): The cardiothoracic ratio 
(56 + 6% vs 52 + 6%; p <0.001) and left ventricular 
end-diastolic volume index (140 + 47 ml/m? vs 106 + 
32 ml/m?; p «0.001) were larger in patients with IDC 
than in those with CAD, whereas left ventricular ejec- 
tion fraction was similar between the 2 groups. The in- 
cidences of ischemic chest pain and electrocardiograph- 
ic evidence of myocardial infarction were higher in pa- 
tients with CAD than in those with IDC. Fifty-three of 
71 (69%) patients with CAD had both typical ischemic 
chest pain and electrocardiographic evidence of myocar- 
dial infarction, whereas only 2 of 55 (4%) with IDC had 
both (p «0.0001). 

Findings of dipyridamole thallium-201 imaging (Ta- 
ble Il): The incidences of chest pain and ischemic ST 
depression during dipyridamole loading were lower in 
patients with IDC than in those with CAD. In IDC, 15 
patients had no defects, 19 had multiple small defects 
and 21 had large defects, whereas all those with CAD 
had large defects (p «0.0001). Electrocardiographic ev- 
idence of myocardial infarction or intraventricular con- 
duction defect was more frequently found in patients 
with than without large defects (57 vs 35%; p = 0.11). 
The incidence of reversible defects was lower, and the 
lowest percent thallium uptake in the initial imaging 


TABLE I Clinical Features in Patients with Idiopathic Dilated 
Cardiomyopathy and Coronary Artery Disease 


IDC CAD 
in = 55) (n = 77) p Value 


Age (yr) 57 + 10 62+8 0.002 
Men/women 45 (82%)/ 67 (87%)/ NS 
10 (18%) 10 (13%) 
Chest pain of ischemic nature 
None 41 (74) 7 (9) <0.0001 
Atypical 8 (15) 9 (12) 
Typical 6 (11) 61 (79) 
Baseline electrocardiography 
No evidence of MI 31 (56) 10 (13) <0.0001 
Noninterpretable for MI 11 (20) 4 (5) 
Q waves or poor R- 13 (24) 63 (82) 
wave progression, or 
both 
Ejection fraction (76) 34+ 16 39 -7 
"Noninterpretable for MI" includes electrocardiography with intraventricular conduc- 
tion defect, such as left bundle branch block 


CAD - coronary artery disease; IDC — idiopathic dilated cardiomyopathy; MI = 
myocardial infarction; NS — not significant. 


TABLE II Findings of Dipyridamole Thallium-201 Imaging 


IDC CAD 
(n = 55) (n — 77) p Value 


Chest pain 3 (5%) 27 (35%) 0.0001 
ST depression >0.1 mV 1 (2) 25 (32) « 0.0001 
BP at rest (mm Hg) I23 € 17 13] « 19 
BP after exercise (mmHg) 118 + 23 125 - 21 
HR at rest (beats/min) 79 € 15 75+ 13 
HR after exercise (beats/ 99 + 21 97 +17 

min) 
Fixed defects 40(739)) 77(100%) «0.0001 
Pattern of perfusion defects 

No defects 15 (27) 0 (0) « 0.0001 

Multiple small defects 19 (35) O (0) 

Large defects 21 (38) 77 (100) 
Reversible defects 2 (4) 44 (57) <0.0001 
Lowest % TI uptake in 59 + 10 30 * 15 « 0.001 

initial imaging (%) 
A d z blood pressure; HR = heart rate; TI = thallium; other abbreviations as in 

apie |. 





was higher in patients with IDC than in those with 
CAD. For patients without reversible defects, the lowest 
percent thallium uptake in the large fixed defects are 
plotted in Figure 1. Typical cases of IDC and CAD are 
shown in Figure 2. 

Multivariate analysis for differentiation of idiopath- 
ic dilated cardiomyopathy from coronary artery dis- 
ease: Stepwise discriminant analysis was performed 
with 9 variables (Tables I and II) with a p value of 
«0.05 on univariate analysis: age, chest pain of isch- 
emic nature, baseline electrocardiography, chest pain 
and ST depression during dipyridamole loading, blood 
pressure at rest, pattern of perfusion defects, reversible 
defects and the lowest percent thallium uptake in the 
initial imaging. This analysis revealed that the combina- 
tion of the lowest percent thallium uptake in the initial 
imaging, chest pain of ischemic nature, reversible de- 
fects, blood pressure at rest, pattern of perfusion defects 
and baseline electrocardiography was most statistically 
significant (chi-square 195; p «0.0001) in the identifi- 
cation of IDC (sensitivity 95%, specificity 96%, accura- 
cy 95% and positive predictive value 95%). The analysis 
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was repeated after excluding variables related to dipy- 
ridamole thallium-201 imaging. The variables that were 
the most statistically significant (chi-square 109; p « 
0.0001) predictors of IDC were chest pain of ischemic 


nature, baseline electrocardiography and age (sensitivity. 


89%, specificity 87%, accuracy 88% and positive predic- 
tive value 83%). The analysis using only dipyridamole 
thallium-201 imaging data revealed sensitivity of 93%, 
specificity of 96%, accuracy of 95% and positive predic- 
tive value of 94%. Multivariate analysis was also repeat- 
ed (using all variables mentioned previously) in 20 pa- 
tients with IDC and in 13 with CAD who had ejection 
fractions 3096; sensitivity of 100%, specificity of 92%, 
accuracy of 97%, and positive predictive value of 95% 
were similar. 


DISCUSSION 

The present study demonstrates that dipyridamole 
thallium-201 imaging is useful in the differentiation of 
IDC from CAD with left ventricular dysfunction, with 
a high predictability of 93 to 96%. When patients had 
chest pain and ST depression during dipyridamole load- 
ing, or reversible defects on myocardial scintigraphy, or 
both, almost all had CAD. In addition to clinical and 
scintigraphic markers of ischemia, pattern of perfusion 
defects was different between IDC and CAD. Approxi- 
mately 60% of patients with IDC showed no defects or 
multiple small defects and were readily differentiated 


lowest 
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60 


90 


40 
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FIGURE 1. Plots of the lowest percent thallium (% 2°!T1)-up- 
take in large fixed defects (FD) in 21 patients with idiopathic 
dilated cardiomyopathy (IDC) and in 33 with coronary artery 
disease (CAD) (p «0.001 [mean + 1 standard deviation]). Pa- 
tients with no defects, multiple small defects or reversible de- 
fects were excluded. 





from CAD, because left ventricular dysfunction caused 
by CAD in the absence of large fixed defects was very 
unusual.!*-? Even though patients with IDC had large 
defects, the lowest percent thallium uptake in the de- 
fects was significantly higher in IDC than in CAD. We 
speculate that the difference in percent thallium uptake 
in fixed defects may be related to different pathologic 
processes in the 2 diseases: global and diffuse myopathic 
and fibrotic involvement in IDC,!6 and sharp histologic 
contrast between area of myocardial infarction and in- 
tact area in CAD.!^!5 Thus in IDC, percent thallium 
uptake in fixed defects represents a ratio of uptake in 2 
areas, advanced versus mild disease process, and can be 
higher than a ratio of uptake in infarcted to intact area 
in CAD. Because the area of early disease process in 
IDC may not show perfusion defects despite impaired 
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FIGURE 2. Examples of large fixed defects in a patient with 
idiopathic dilated cardiomyopathy (A) and in a patient with 1- 
vessel coronary artery disease and inferoposterior myocardial 
infarction (B). Imaging was 70° left anterior oblique projec- 
tion. In circumferential profile curve of thallium uptake, thin 
line represents initial thallium uptake, dotted line, delayed 
one, and thick line, mean — 2 standard deviations of normal 
control subjects. 
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contractility, the relation of the size of the perfused area 
with global left ventricular function may be different 
between IDC and CAD. 

Using thallium-201 scintigraphy, Bulkley et al!> re- 
ported successful identification of 7 of 8 patients with 
IDC and of all 13 with severe CAD (sensitivity 88% 
and specificity 100%), which was similar to the results 
of Saltissi et al (sensitivity 91% and specificity 83%),'* 
whereas Dunn et al!> showed correct identification of 6 
of 10 patients with IDC and of 14 of 15 with CAD 
(sensitivity 60%, specificity 93% and accuracy 80%). 
One of the important findings in thallium scintigraphy 
that Bulkley et al? stressed was the size of perfusion 
defects; all patients with CAD had large defects (>40% 
of image circumference), but only 1 of 8 with IDC had 
this finding. In the study of Dunn et al,'? 5 of 10 pa- 
tients with IDC fulfilled this scintigraphic criteria, and 
therefore, the size of perfusion defects did not have a 
significant contribution to the discrimination. Because 
the pattern of perfusion defects was diverse in IDC,!9.!? 
and the patient cohorts were so small in each study, 
quite different scintigraphic findings were observed, and 
conflicting results occurred.?^-!^ On the other hand, 
Dunn et al? reported usefulness of the classification of 
complete or partial defects (the former was regarded to 
suggest CAD). The idea of this classification of defects 
is similar to the lowest percent thallium uptake in fixed 
defects. However, the computer-derived objective as- 
sessment of thallium uptake in fixed defects that we 
used in this study is quantitative and more reliable than 
subjective visual analysis, which is qualitative and usu- 
ally has intra- and interobserver variability. 

In patients with left ventricular dysfunction, chest 
pain of ischemic nature, and electrocardiographic evi- 
dence of myocardial infarction would be highly likely to 
indicate the presence of CAD. In this study, 20% of 
patients with CAD did not have typical ischemic chest 
pain, and approximately half of those with IDC had 
electrocardiographic evidence of myocardial infarction 
or intraventricular conduction defect. These incidences 
are consistent with those of previous studies.!^?? Owing 
to these limitations, predictability based on chest pain 
and electrocardiography was 83 to 89%. However, the 
addition of dipyridamole thallium-201 imaging im- 
proved predictability. Previous studies emphasized the 
usefulness of thallium-201 imaging in the differentia- 
tion between IDC and CAD, although the additional 
diagnostic value of the scintigraphic examination over 
these clinical and electrocardiographic findings was not 


evaluated in detail.!3-152! Our study suggests that the 
addition of dipyridamole thallium-201 imaging data to 
known clinical and electrocardiographic variables can 
help differentiate patients with cardiac dysfunction be- 
tween IDC and CAD with a high degree of certainty. 
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Enhanced Flow Velocity Increase Through the 


Left Ventricular Inflow Tract of Patients with 
Isolated Aortic Regurgitation 
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Toru Kato, MD, Wulin Aerbajinai, MD, Yukio Kishi, MD, 
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Twenty-five patients with chronic aortic regurgita- 
tion (AR), and 12 control subjects were studied 
using Doppler echocardiography to investigate the 
effects of AR on transmitral flow. Peak early fill- 
ing velocities at the levels of the mitral valve tips 
(E1) and annulus (E2) were measured, and the 
transmitral flow restriction index (AE = (E; — E2)/ 
E2) was obtained. Patients with AR were classified 
into 2 groups according to the ratio of the cross- 
sectional area of the regurgitant jet to that of the 
left ventricular outflow tract. Group I had the ratio 
«0.20, and group Il had > 0.20. E; in group Il was 
lower than in control subjects, whereas E, was 
not significantly different in any groups. AE in 
group Il was higher than in group I or in control 
subjects (p «0.05 and 0.01, respectively). AE 
showed a significant correlation with the cross- 
sectional area ratio in all patients with AR 
(r = 0.70, p «0.01) and in group Il (r = 0.82; p 
«0.01). Our data suggest that AR restricts early 
transmitral filling, and that AE may indicate the in- 
creased driving pressure caused by flow restric- 
tion and is a useful hemodynamic index of AR. 
(Am J Cardiol 1992;69:654-657) 
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measurement of blood flow velocities. Doppler- 

derived, transmitral flow measurements are 
used for the evaluation of left ventricular diastolic dis- 
orders including mitral stenosis and myocardial dis- 
eases.? Although aortic regurgitation (AR) also re- 
sults in diastolic abnormalities, few studies have investi- 
gated mitral flow patterns in patients with AR.^ We 
performed this study to determine the flow pattern in 
the left ventricular inflow tract of patients with AR. 


D oppler echocardiography allows for noninvasive 


METHODS 

Patients: We studied 25 patients (15 men and 10 
women, mean age 58 years) with chronic AR. All were 
in sinus rhythm and without other significant valvular 
heart disease. Twelve control subjects (7 men and 5 
women, mean age 58 years) were determined to be free 
of illness by 12-lead electrocardiogram, echocardiogram 
and physical examination. 

Echocardiography: Echocardiographic examinations 
were performed with the subject in the supine or left 
lateral position. A commercially available phased array 
imaging system (SSH 160A, Toshiba, Tokyo, Japan) 
with Doppler capability was used, with a 2.5 MHz im- 
aging transducer. 

Doppler recordings of mitral flow were obtained 
with the transducer placed at the cardiac apex. A 4- 
chamber image was frozen at the time of a peak early 
diastolic opening of the mitral valve with the aid of the 
electrocardiogram trigger function. The time from a 
sensed QRS complex on lead II of the electrocardio- 
gram to an early diastolic peak in the parasternal, mi- 
tral M-mode echocardiogram (E point) was determined 
before the Doppler measurements. Mitral flow velocity 
was measured at 2 sites. First, the sample volume was 
placed between the tips of the mitral valve leaflets, and 
second, at the level of the mitral annulus. The depth of 
the sample volume was 3 mm. Doppler signals were re- 
corded on a strip-chart at a paper speed of 100 mm/s. 

The mitral flow velocity curve was characterized by 
an early filling wave and a late one (E and A waves). 
Peak flow velocities of the E and A waves were obtained 
at the levels of the mitral tips (E; and Aj) and annulus 
(E2 and A2). From the recording at the mitral tips, pres- 
sure halftime also was determined as the time for a ve- 
locity decrement from E; to 0.7 X E; on the E wave. 
The degree of increase in peak early flow velocity 
through the left ventricular inflow tract (transmitral 
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flow restriction index; AE) was determined as AE = (E; 
— E;)/E;. Each measurement represented a mean value 
of 5 consecutive beats (Figure 1). 

The severity of AR was assessed using a color Dopp- 
ler method, as reported by Baumgartner et al.° The ra- 
tio of the cross-sectional area of the regurgitant jet di- 
vided by the area of the left ventricular outflow tract 
was determined in a short-axis view just below the aor- 
tic valve. 

Statistical analysis: Values are expressed as mean + 
SD. Study groups were compared with 1-way analysis 
of variance or with Kruskal-Wallis analysis. Linear re- 
gression analysis was performed to assess the relation 
between cross-sectional area ratio and AE. A p value 
«0.05 was considered significant. 


RESULTS 

Classification of patients with aortic regurgitation: 
Cross-sectional area ratio of the jet to the outflow tract 
ranged from 0.02 to 0.42. We classified patients in 2 
groups according to area ratio: group I, 14 patients with 
ratio «0.20; group II, 11 with ratio 20.20. The value of 
0.20 in the area ratio can divide patients into severe 
(grade III or IV by angiography) and mild (grade I or 
II) AR groups.® There were no significant differences in 
age or heart rate between patients and control subjects 
(Table I). 

Doppler echocardiographic study: Mean values for 
E, were not significantly different in any of the groups, 
whereas E; in group II was significantly lower than in 
the control group (p «0.01; Scheffé’s test). As shown in 
Figure 2, AE in group II was larger than in group I (p 
<0.05) and control subjects (p <0.01). 

Linear regression analysis showed a significant cor- 
relation between AE and cross-sectional area ratio in all 
patients with AR (AE = 0.11 + 2.08 X [area ratio]; 
r=0.70, p «0.01). Patients with more severe AR 
(group II) had a closer correlation (AE = —1.06 + 5.85 
X [area ratio]; r= 0.82, p «0.01; Figure 3). 


FIGURE 1. Diagrams and representative 
recording showing peak early and late fill- 
ing velocities (E; and A;), and pressure 
half-time (PHT) obtained from mitral flow 
velocity curve at mitral tips (A). Peak early 
and late filling velocities (E2 and A2) were 
obtained at mitral annulus (B). LA - left 
atrium; LV - left ventricle. 


TABLE I Clinical and Echocardiographic Data in Control 
Subjects and Patients with Mild (group !) and Severe (group II) 
Isolated Aortic Regurgitation 


Number 
Age (yr) 
Heart rate 


(beats/min) 
Systolic BP (mm Hg) 
LVEDD (mm) 


FS (%) 

E1 (cm/s) 
E2 (cm/s) 
A1 (cm/s) 
A2 (cm/s) 


Control 
Subjects 


12 
58 +15 
65+ 10 


130 + 17 


46+5 
34+6 
59 +9 
49+9 
56+18 
61:2 1s 
62 +9 


Group | 


14 
59+17 
65+ 11 


133 + 16 
47+7 
35 t6 
62 + 14 
47+11 
67 +21 
67 =: 17 
59+15 


Group II 


11 
57 + 14 (NS) 
68 + 8 (NS) 


143 + 28 (NS) 
56 + 6* 
36 + 9 (NS) 
53 + 7 (NS) 
32 Eig 
57 + 18 (NS) 
48 + 12 (NS) 





54 + 9 (NS) 
°*30+6 


Pressure halftime (ms) 
Jet-A/LVOT-A (x 10-2) — 


*p <0.01. 

Data are mean +1 standard deviation. 

Ai, A2 = peak late transmitral filling velocities obtained from mitral valve tips and 
annulus; BP = blood pressure; Ej, E2 = peak early transmitral filling velocities 
obtained from mitral valve tips and annulus; FS = fractional shortening; Jet-A/LVOT- 
A = cross-sectional area ratio of regurgitant jet to left ventricular outflow tract; 
LVEDD = left ventricular end-diastolic dimension; NS = not significant. 


10+5 


DISCUSSION 

Location of the sample volume is known to affect 
transmitral flow velocity measurements.’ A flow veloci- 
ty increase through the left ventricular inflow tract also 
was observed in our study. Our results also showed the 
increase was enhanced in patients with AR. We inter- 
preted these findings as follows. 

According to Bernoullis law, E, reflects the early 
diastolic peak left atrioventricular pressure gradient, 
which is the driving pressure for transmitral flow. 
However, E> reflects mainly the peak flow, as the cross- 
sectional area of the mitral annulus changes minimally 
during diastole.? Therefore, AE reflects the increased 
driving force necessary for maintaining flow in the early 
filling period. AR flow competes with transmitral fill- 
ing, and therefore, transmitral flow is restricted. AE can 
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FIGURE 2. Comparison of transmitral flow restriction index 
(AE = (E; — E2)/E2) in control group and 2 patient groups with 
isolated aortic regurgitation 


indicate flow restriction. Our data demonstrate that the 
severity of AR was positively correlated with AE, espe- 
cially in patients with cross-sectional area ratios of AR 
20.20. Although AE may be expected to increase in 
cases with the regurgitant jet toward the mitral leaflet 
because of direct pressure with the jet, the direction of 
AR did not apparently affect AE in our study. This may 
be explained by the fact that area ratio is also affected 
by flow direction.? Area ratio is recognized as a useful, 
noninvasive index of regurgitant volume in AR.^6 Be- 
cause AE in the 3 study groups overlapped, it may not 
be a specific indicator of regurgitant volume. However, 
as mentioned previously, AE is an indicator of the re- 
striction of transmitral forward flow and represents a 
new aspect of the evaluation of AR. 

Rahko et al showed that AR decreases peak early 
filling velocity in a canine model.!° Although the sam- 
ple volume location was not indicated, their results may 
reflect the transmitral flow restriction caused by AR. 
In contrast, Oh et al^ studied 11 patients with acute, 
severe AR, and reported an increased peak early filling 
velocity and a shortened pressure halftime with sample 
volume placed at the level of the mitral tips. We hy- 
pothesize that their results reflected an increase in the 
atrioventricular pressure gradient resulting from the in- 
creased left atrial pressure and the subsequent acute re- 
duction in the gradient produced by the rapid increases 
in left ventricular pressure. Although E, did not differ 
significantly in our study, patients with more severe AR 
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FIGURE 3. Linear regression analysis comparing cross-sec- 
tional area ratio of regurgitant jet to that of left ventricular 
outflow tract and transmitral flow restriction index in patients 
with area ratio 70.20 (group Il). 


can be expected to have higher E;. Our results suggest 
that the increase in AE may predominantly be due to 
the decrease in E>, which actually showed significant, 
inverse correlation with the area ratio of AR in group II 
(r = —0.78). However, some physiologic variables affect 
transmitral flow velocities.!! We believe that AE will 
minimize the influence of those variables that change E; 
and E, toward similar directions. In fact, AE showed 
closer correlation with severity of AR. Because it is still 
unknown whether other clinical conditions affect AE, 
further investigations are needed. 

Various noninvasive procedures using Doppler echo- 
cardiography have been proposed for the evaluation of 
the severity of AR, including assessment of the regurgi- 
tant volume? and hemodynamic changes.!?-!^ In pa- 
tients with AR, flow restriction in the left ventricular 
inflow tract may have a significant role in the develop- 
ment of symptoms that are major determinants in the 
management of AR.!? Therefore, AE is a valuable new 
hemodynamic index of the severity of isolated AR. 
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CARDIOMYOPATHY 


Search for Coxsackievirus B3 RNA in Idiopathic 
Dilated Cardiomyopathy Using Gene 
Amplification by Polymerase Chain Reaction 
Maurizia Grasso, ScD, Eloisa Arbustini, MD, Enrico Silini, MD, Marta Diegoli, ScD, 


Elena Percivalle, ScD, Giulio Ratti, PhD, Manuela Bramerio, MD, Antonello Gavazzi, MD, 
Mario Vigano, MD, and Gabriele Milanesi, PhD 


A polymerase chain reaction (PCR) amplification 
assay was developed to detect Coxsackievirus B3 
ribonucleic acid (RNA) in blood and myocardial tis- 
sue of explanted hearts from 40 patients who un- 
derwent cardiac transplantation and in 1 normal 
heart. Twenty-one patients were affected by idio- 
pathic dilated cardiomyopathy of different dura- 
tion and 19 by coronary artery disease. Coxsack- 
ievirus B3 in vitro infected Vero cells and cells in- 
fected by related human enteroviruses 
(Coxsackievirus B2, B4, and poliovirus 1) were 
used as reaction controls. PCR was performed us- 
ing 4 pairs of primers homologous to Coxsackie- 
virus B3 sequences. Three sets were located in re- 
gions of the genome conserved at nucleotide level 
between several enterovirus species (replicase 
gene, 5' noncoding region), while one was located 
in a Coxsackievirus B3-specific region (VP1 gene). 
Total RNA was prepared by acid guanidinium 
isothyocyanate extraction from tissue stored fro- 
zen at —80°C. One microgram of total RNA was 
retrotranscribed with either antisense primer or 
with random hexanucleotide primers and then 
subjected to 40 cycles of amplification. PCR prod- 
ucts were separated by electrophoresis on a 1096 
polyacrilamide gel, electrotransferred to a nylon 
membrane and then hybridized to oligonucleotide 
probes specific for the coxsackievirus B3 genome 
radiolabeled with radioactive isotope of phospho- 
rous. All pairs of primers yielded specific amplifi- 
cation products when tested on Coxsackievirus 
B3-infected Vero cells, with a sensitivity of 1 in- 
fected cell out of 105 to 106 cells starting from 1 
ug total RNA. Primer sets for regions of Coxsack- 
ievirus B3 genome highly conserved between re- 
lated enteroviral species gave positive amplifica- 
tion also when challenged with RNA from cells in- 
fected by Coxsackievirus B2, B4 and poliovirus 1. 
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The VP1 gene primer set produced positive ampli- 
fication only with RNA of Coxsackievirus B3-in- 
fected cells. Coxsackievirus B3-specific amplifica- 
tion products were distinguished from those of re- 
lated enteroviruses by hybridization with specific 
oligoprobes. However, Coxsackievirus B2, B4 and 
poliovirus 1-specific PCR products showed posi- 
tive hybridization if probed with Coxsackievirus 
B3 genomic probes. All total RNAs from blood 
and myocardial samples examined by our PCR 
assay failed to reveal any amplification product 
that could be related to Coxsackievirus B3 or to 
enteroviruses in general, after gel electrophoresis 
and low stringency Southern blot hybridization 
with the Coxsackievirus B3 specific oligoprobes 
or the Coxsackievirus B3 genomic probes. The 
negative results obtained in our series question 
the hypothesized widespread persistence of en- 
teroviral RNA in hearts with idiopathic dilated car- 
diomyopathy. 

(Am J Cardiol 1992;69:658-664) 


are believed to be the most common viral agents 
responsible for human myocarditis,! and it is 
speculated that they may play a role in the development 
of idiopathic dilated cardiomyopathy (IDC).? In fact, 
enteroviruses have a strong tropism for myocardium? 
Inoculation of Coxsackievirus in experimental animals 
induces myocarditis which can evolve into cardiomyopa- 
thy with associated virus persistence for several weeks 
after primary infection.^^ Virus isolation from human 
diseased hearts has always been disappointingly nega- 
tive, and morphologic studies revealing viral particles in 
myocardium with IDC do not exist to date. However, 
serologic studies document an increase in anti- Coxsack- 
ievirus B3 antibody titers in a low percentage of patients 
with myocarditis or IDC of recent onset.577 
Molecular hybridization studies have documented 
the presence of enteroviral nucleic acids in the myocar- 
dium of patients with IDC. Using a slot-blot hybridiza- 
tion assay, enteroviral genomic sequences have been de- 
tected in 52% of total nucleic acid extracts from myo- 
cardial biopsy samples of patients with myocarditis and 
IDC? as well as in 28.5% of recipients’ hearts removed 
at cardiac transplantation from patients with IDC and 
in 5% of control subjects.’ In situ hybridization using a 
radiolabeled Coxsackievirus B3 probe has also been 


F nteroviruses, particularly the Coxsackieviruses B, 
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used to demonstrate the presence of enteroviral ribonu- 
cleic acid (RNA) in myocardial biopsy specimens and 
recipients’ hearts from patients with IDC.!° However, 
more recently Cochrane et al,!! using a Northern-blot 
assay to test samples from IDC recipients’ hearts ex- 
planted at cardiac transplantation failed to demonstrate 
any viral genomic sequences in both IDC hearts and in 
controls. The polymerase chain reaction (PCR) deoxyri- 
bonucleic acid (DNA) amplification technique allows 
rapid and geometric amplification of specific DNA se- 
quences.!? The high specificity and sensitivity of this 
technique make it uniquely adequate in studying viral 
disease where few copies of viral genome may be pres- 
ent. PCR has been used by Jin!? and Weiss!^ and their 
co-workers for detection of enterovirus RNA in myo- 
cardial tissue. The former found positive signals in 10% 
of cases investigated (2 with myocarditis and 3 with 
cardiomyopathy), whereas the latter had positive results 
only in 1 of 5 cases of acute myocarditis and in none of 
the IDCs tested. 

The high discrepancy in results reported, ranging 
from 52 to 096 positive cases, is likely due to the differ- 
ent detection procedures adopted by the various investi- 
gators, thereby stressing the need for a detection assay 
that is reliable, sensitive and specific. Furthermore, be- 
cause enteroviruses circulate freely in the blood stream 
during enteroviral-induced illnesses,'?!6 myocardial in- 
volvement can be definitely demonstrated only if blood 
and myocardium are tested simultaneously and myocar- 
dium alone is positive. On these premises we developed 
an amplification assay to detect Coxsackievirus B3 
RNA in myocardial tissue and blood from patients with 
idiopathic dilated cardiomyopathy who had undergone 
cardiac transplantation. 


METHODS 

Human heart specimens: We studied 40 explanted 
hearts from patients who underwent cardiac transplan- 
tation at the University of Pavia. Twenty-one patients 
had idiopathic dilated cardiomyopathy and 19 had coro- 
nary artery disease. We also studied atrial samples from 
a normal donor heart. 

IDIOPATHIC DILATED CARDIOMYOPATHY GROUF: Sixteen 
men and 5 women, aged 26 to 59 years (mean 44 + 10) 
comprised the study group. Those with alcoholic, peri- 
partum and familial cardiomyopathies were not includ- 
ed in the present study. Two patients (nos. 10 and 4) 
had a clinical history of acute respiratory illness, dating 
back 6 and 9 months, respectively, followed by occur- 
rence of rapidly progressing congestive heart failure 
syndrome. At time of heart transplantation, all patients 
were free from fever and flu-like syndrome. 

CORONARY ARTERY DISEASE GROUP: Nineteen men, 
aged 40 to 64 years (mean 53 + 9) comprised the study 
group. All patients had congestive heart failure and a 
history of acute myocardial infarction." None of these 
patients had fever or flu-like syndrome at the time of 
transplantation. 

NORMAL DONOR HEART: The donor was a 24-year-old 
man who died from cerebral trauma. Five mg samples 
were obtained from both atrial walls removed during 
transplantation procedure. 


Sample collection: Myocardial samples were collect- 
ed at cardiac transplant surgery. After explantation, 
hearts were immediately perfused with a cold isotonic 
salt solution. Samples were taken from left and right 
ventricular and atrial walls, snap-frozen in liquid nitro- 
gen and stored frozen at —80?C until use. Blood sam- 
ples were collected at the time of transplantation or 
shortly after. Paired blood and myocardial samples were 
available for all 21 patients with idiopathic dilated car- 
diomyopathy and 8 of 19 patients with ischemia. 

Histopathologic study: All hearts were also sampled 
for conventional histologic study. Samples adjacent to 
those collected for molecular biology study were rou- 
tinely processed according to previously reported meth- 
ods. !8 

Controls: Cells infected by Coxsackievirus B3 and 
related enteroviruses were used as positive controls. 
Coxsackievirus B2, B3, B4 and poliovirus 1 were grown 
on Vero (African green monkey kidney) cell line 
(ATCC-CCL 81). All types of virus-infected cells were 
collected 48 hours after infection when all the cells 
showed characteristic cytopathic effect, centrifuged at 
1,200 rpm for 10 minutes and washed in Dulbecco’s 
phosphate-buffered saline. The pellet was then flash fro- 
zen in liquid nitrogen and stored at —80°C until use. 
The titer of Coxsackievirus B3 infected colture used as 
positive control was 1077. The uninfected cell line was 
also used as a negative control. 

Oligonucleotides and probes: Four sets of synthetic 
oligonucleotide primers and probes homologous to Cox- 
sackievirus B3 sequences!? were chosen for amplifica- 
tion. They were synthetized with an Applied Biosystem 
DNA synthetizer (Applied Biosystem Inc., California). 
Three were located in regions of the genome that are 
conserved at nucleotide level among several enterovirus 
species (replicase gene, nts. 6718-6904 and nts. 6889- 
7189; 5’ noncoding region, nts. 461-640). One was lo- 
cated in a Coxsackievirus B3-specific region (VP1 gene, 
nts. 2745-2892) (see Table I). We also used comple- 
mentary DNA (cDNA) probes derived from the cloned 
Coxsackievirus B3 genome (kindly provided by Lind- 
berg et al!?). 

Ribonucleic acid isolation: The acid guanidinium- 
phenol-chloroform method”? was used to isolate total 
RNA from myocardial tissue of explanted hearts. Tis- 
sue samples (1 to 5 g) were grinded in a mortar in liq- 
uid nitrogen and then homogenized in the guanidinium 
solution. RNA was quantified by ultraviolet spectropho- 
tometry and yielded a 260/280 nm ratio of 2.0. Three 
micrograms of sample RNA, run on denaturing formal- 
dehyde agarose gel in phosphate buffer, showed no sign 
of degradation with a ratio of 3:1 for 28S and 18S ribo- 
somal RNAs?! 

Polymerase chain reaction and hybridization assay: 
One to 5 ug of total RNA was retrotranscribed with the 
antisense primer or with random hexanucleotide prim- 
ers using the M-MLV (Moloney murine leukemia vi- 
rus) reverse transcriptase (BRL, Gaithersburg, Mary- 
land). Twenty microliters of each sample were subject- 
ed to DNA amplification in 100 ul of reaction buffer 
containing 50 mM potassium chloride, 10 mM Tris-hy- 
drochloride pH8.3, 1.5mM magnesium chloride, 20 nM 
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TABLE I Sequences of Primers and Probes Used in the Stud 


y and Sequences of Coxsackie B3 in the Regions of the Primer Localization 
Aligned with Sequences of Known Enteroviruses* 










Length (base pairs) Map Position 
Primer or of Amplified of Primer or 
Probet Sequences (5' — 3’) Product Probe 


CAACTTAGGAGAAAGCTAGA 2745-2764 
VP Ct CGGTTCGACCT GGAGCTGAC 147 2781-2800 
VP B CACCTGGTGGTACATACATA 2873—2892 















GCAACTCCCATCACCTGTAC 6718—6737 
REP1 Ct TACTTTGTGAGGGGTGGCAT 186 6750—6769 
REP1B ATCACATCATCAACCATATGC 6885—6904 











TATGGTGATGATGTGATCGC 6889—6908 
REP2 Ct TTGGATCCTTGGTCCATCTA 300 7115-7134 
REP2 B TCCCCGTTATGCCAAGCTAA 7170—7189 












TGCGGCTAATCCTAACTGCG 461—480 
SNC Ct CGGT TCCGCT GCAGAGTTGC 179 522—541 
SNC B CCGGAT GGCCAATCCAATA 621—640 









CTGAATGCGG CTAATCCTAA CTGCGGAGCA 





——— ——— —À ——— 





TGGTCACCGG ATGGCCAATC CAATAGCTAT 


CB1 —-A-—————— LLL A 


CB4 Sy a Be | E ree 
PV1 CRY ha Lc c teaete 















GTAGTCGGTT CCGCTGCAGA GTTGCCCGTT 





CTTGTGCAAC TCCCATCACC TGTACAGGAA 













CBl al mer gmn mn vig reus A, 1 
CB4 icc E Ro CIR EAN Lid: 
PV1 MUT T 7 E RN sonata NAR: 














ATGCGATCAC ATCATCACCA TATGCGATCA 


"de oA LM 








AACATTACTT 






ACA AG 








*The upper part of the table lists the sequences of primers and oligoprobes used in the study with map positions and dimensions of expected polymerase chain reaction products. The 
lower part of the table lists the sequences of Coxsackievirus B3 in the regions of the primer localization (underlined) aligned with sequences of other known related enteroviruses, 
Coxsackievirus B1?7, Coxsackievirus B428 and Poliovirus 129. 

TSequence used for probes. 









of each deossinucleotide triphosphate, 50 pmoles of each tions and then hybridized to the internal oligonucleo- 
primer and 2 U of Amplitaq™ (Perkin-Elmer Cetus, tide probes radiolabeled at the 5’ end?! with T4 Polynu- 
Norwalk, Connecticut). The PCR reaction was per- cleotide Kinase (Amersham International, Amersham, 
formed in a Thermal Cycler (Perkin-Elmer Cetus, Nor- United Kingdom) and radioactive isotope of phospho- 
walk, Connecticut) for 40 cycles (denaturation 94°C for — rous-gamma adenosine triphosphate and finally autora- 
2 minutes, annealing 55°C for 2 minutes, extension — diographed with Hyperfilm™-MP film (Amersham In- 
72°C for 2 minutes). Twenty microliters of each sample ternational, Amersham, United Kingdom) at —80°C 
were then subjected to electrophoresis on 10% poly- for 12 hours. The corrected deoxyribonucleic acid Cox- 
acrylamide gel in tris-borate ethylenediaminetetraace- sackievirus probes were radiolabeled with radioactive 
tic acid buffer, stained with ethidium bromide, photo- isotope of phosphorous by random priming?! at a specif- 
graphed and electrotransferred to a Gene Screen Plus™ ic activity of 2 to 5 X 105 cpm /ug. Hybridization condi- 
(Dupont-NEN Research Products, Boston, Massachu- tions were at 5°C below the Tm in 1 M sodium ion for 
setts) membrane according to manufacture's instruc- oligonucleotide probes with the highest stringency wash- 
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ing at hybridization temperature for 30 minutes in 6X 
standard saline citrate (SSC). The corrected deoxyribo- 
nucleic acid probe was hybridized in 50% formamide, 
5X SSPE, 2X Denhardt’s reagent, sodium dodecyl sul- 
fate (SDS) 0.1% at 42°C (high stringency) or 37°C 
(low stringency). Washings were for 20 minutes at 
room temperature in 2XSSC, followed by 2 washes of 
10 minutes each at 60°C (high stringency) and at 50°C 
(low stringency) in 1X SSC + 1% sodium dodecyl sul- 
fate and 2 washes of 30 minutes each at room tempera- 
ture in 0.1% SSC. 

To avoid contamination by PCR product carryover 
and false-positive results, samples were prepared in a 
laboratory different from that in which reactions were 
performed. We also used aliquoted reagents, positive 
displacement pipettes and all other recommended pre- 
cautions.” 


RESULTS 

Choice of primers: Primers for amplification and oli- 
goprobes were synthesized according to published Cox- 
sackievirus B3 (CB3) genomic sequences.'? The ampli- 
fied fragments are located in regions of the genome that 
code for essential polypeptides, contain suitable sites for 
restriction enzyme analysis and are devoid of gross sec- 
ondary structures. Primers have a balanced content of 
G + C and A + T without 3 end complementarity. 

Primers located in the replicase gene or in the 5' 
untranslated region were designed to amplify a large 
spectrum of related enteroviral genomes; in fact, these 
regions show an interspecies nucleotide homology rang- 
ing from 60 to 70% to >90%!*? (see also Table I). 


FIGURE 1. Ethidium bromide—stained poly gel 


6 





Primers located in the VP1 gene are more specific for 
Coxsackievirus B3. They comprise conserved aminoacid 
sequences that are proteolytic processing sites!? to mini- 
mize nucleotide variability between different viral iso- 
lates, due to antigenic selection by the host-immune 
system. 

Detection of references virus strains: RNAs from 
reference virus strains (Coxsackievirus B3, B2, B4 and 
poliovirus 1) in vitro infected cells were used to deter- 
mine correct reaction conditions and to evaluate the 
specificity and sensitivity of the assay. RNA retrotran- 
scription was performed both with antisense primer and 
random hexanucleotide primers. Both methods were 
found to be adequate. However, hexanucleotide priming 
gave a more specific signal and was chosen for subse- 
quent analysis of clinical samples. This could also com- 
pensate for a presumed excess of negative RNA strands 
in infected myocardial samples reported by other inves- 
tigators.?^ 

All primers gave single positive specific amplifica- 
tion signals when challenged with Coxsackievirus B3- 
infected cells RNA, as judged by molecular weight esti- 
mate, restriction analysis and high stringency hybridiza- 
tion with specific oligoprobes. As expected from primer 
selection criteria, the primer sets for the replicase gene 
and the 5’ uncoding region yielded single amplification 
products also with RNAs from Coxsackievirus B2, B4, 
and poliovirus l-infected cells (Figure 1). This is in 
agreement with data reported by other workers.” 
These amplification products were distinguishable from 
those of Coxsackievirus B3 RNA by oligonucleotide hy- 
bridization (Figure 2). However, they gave a positive 
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is of polymerase chain reaction fragments amplified for 


acrylamide electrophoresis 
30 cycles with the replicase gene primer set 1 (lanes 2 to 6) and the 5'-noncoding region primer set (lanes 7 to 12). Lane 1; 
size standards, PBR322 digested with Hinf l; lanes 2 to 6: ribonucleic acids from Vero cells infected with Coxsackievirus B2, 
B4, B3 and poliovirus 1 and uninfected Vero cell, (negative control) amplified with the Rep1 primer set; lanes 7 to 12, ribonu- 
cleic acids from Vero cells infected with Coxsackievirus B2, B4, B3, poliovirus 1, uninfected Vero cells and *0' deoxyribonucleic 


acid negative control amplified with the 5-NC primer set. Specific 


ion products of the expected size (arrow) are seen in 


amplification 
all enteroviral samples examined but not in negative controls. The extra bands below the correct amplification product in lanes 2 
to 5 are induced by overamplification of samples and disappear on reduction of number of amplification cycles. The lowest band 
visible in all samples including the negative control is a “primer dimer" artifact. 
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signal when hybridized at low or high stringency with 
Coxsackievirus B3 genomic probes from 5’ or 3’ con- 
served regions. 

Tritration experiments performed on serial log 10 di- 
lutions of Coxsackievirus B3-infected cells in uninfected 
cells showed that our amplification procedure could de- 
tect Coxsackievirus B3 sequences at 1075-10-76 dilution 
starting from 1 ug of total RNA, using all 4 sets of 
primers (Figure 3). Analogous results were obtained 
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FIGURE 2. Southern-blot hybridization analysis of polymerase 
chain reaction fragments of enterovirus infected cells ribonu- 


revealed with the corresponding oligoprobe. Lane 1, uninfect- 
ed Vero cells ribonucleic acids (RNA); lane 2, Coxsackievirus 
B2-infected Vero cells RNA; lane 3, Coxsackievirus B4-infect- 
ed Vero cells RNA; lane 4; Coxsackievirus B3-infected Vero 
cells RNA; /ane 5; poliovirus 1-infected Vero cells RNA; lane 
6; ‘0’ deoxyribonucleic acid negative control. Given hybridiza- 
tion stringency conditions, the oligoprobe hybridizes only with 
the amplification product of Coxsackievirus B3 that is perfect- 
ly complementary despite showing extensive homology to se- 
quences of several enteroviruses (see Table I). 





FIGURE 3. Titration experiment showing the sensitivity of the 
polymerase chain reaction assay performed using the 5'-non- 
coding region primer set. Lane 1; uninfected Vero cells ribo- 
nucleic acid (RNA); lane 2; 1 ug of Coxsackievirus B3-infected 
Vero cells RNA; lanes 3 to 8, 10-fold serial dilution of the 
sample in /ane 1 in 1 ug of uninfected Vero cells RNA; /ane 9, 


‘0’ deo acid negative control. Size standard is 
PBR322 + Hinf I. RNAs were amplified for 50 cycles under 


visible (arrow) even at the higher dilutions. The quantity of the 
“primer dimer" artifact (lower band) increases with decreas- 





with Coxasckievirus B2, Coxsackivirus B4 and poliovi- 
rus 1-infected cells. 

Analysis of clinical samples: Explanted hearts from 
2] patients with idiopathic dilated cardiomyopathy, 19 
patients with ischemic heart disease and 1 normal donor 
heart were studied by our PCR assay. All investigated 
samples from hearts with idiopathic dilated cardiomy- 
opathy showed histopathologic features consistent with 
cardiomyopathy. Focal inflammatory infiltrates were 
seen in 4 patients, but none were characteristic of myo- 
carditis. Two patients with IDC had rapidly progressing 
disease. One was a 26-year-old woman with onset of 
cardiac failure after a flu-like infectious episode that oc- 
curred 5 to 6 months earlier. Another patient under- 
went analogous evolution of disease with a 9-month in- 
terval between onset and transplantation. 

Tissue samples from all patients and controls were 
available for PCR analysis as well as matched blood 
samples from all patients and from 8 of 19 patients with 
coronary artery disease. RNAs extracted from blood 
and myocardial samples were amplified with all 4 sets 
of primers both under high- (annealing at 55°C) and 
low-stringency (annealing at 42°C) conditions. None 
yielded any specific amplification product as judged on 
ethidium bromide-stained polyacrilamide gel (Figure 4) 
and Southern blot hybridization both with specific oli- 
goprobes and with Coxsackievirus B3 genomic probes at 
different stringency conditions. All samples were ana- 
lyzed twice in separated experiments. 


DISCUSSION 

Persistence of enteroviral RNA in myocardial tissue 
of a consistent fraction of patients with myocarditis or 
idiopathic dilated cardiomyopathy has only been dem- 
onstrated in studies using either slot-blot analysis or “in 
situ" hybridization.* More recently, application of 
Northern-blot analysis!! and PCR!3.!4 in virus detection 
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FIGURE 4. Ethidium bromide—stained polyacrylamide gel 
electrophoresis of polymerase chain reaction fragments ampli- 
fied with the 5'-noncoding primer set. Lane 1, Coxsackievirus 
B3-infected Vero cells ribonucleic acid; /anes 2 to 9, ribonu- 
cleic acids from myocardial samples of 8 dilated cardiomyopa- 
thy patients. Size standard is PBR322 -- Hinf I. The specific 
amplification product (arrow) is visible only in Jane 1 (positive 
control sample) and not in /anes 2 to 9 (test samples). 
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in diseased hearts has failed to confirm previous results, 
casting a doubt on the actual presence of enteroviral 
genomes in myocardium or its numerical significance. 

Most recent studies seem to detect small amounts of 
viral genomes more adequately, both in terms of sensi- 
tivity and specificity, that might be present in a latent 
state with focal distribution in myocytes.!? In fact, PCR 
can routinely detect 1 infected cell out of a total of 
105-106 cells (our results and those of Weiss et al!^), 
i.e., 2 to 3 log to 10 more than obtained with conven- 
tional hybridization techniques. Jin and co-workers? 
compared results obtained by PCR and slot-blot on the 
same tissue samples. They showed that PCR is more 
specific and that slot-blot hybridization can lead to 
false-positive results, even if performed with oligonucle- 
otide probes, owing to cross-hybridization between en- 
teroviral and human sequences. This is especially true 
when using partially purified nucleic acids, if probes of 
the 3’ end of viral genome are used under low-stringen- 
cy reaction conditions. 

In addition to use of correct detection techniques, 2 
other methodologic requirements should be satisfied to 
reliably document the persistence of enteroviral RNA in 
myocardium. First, adequate sampling of lesions is nec- 
essary given the possibility of a focal myocardial in- 
volvement by the viral infection, '? requiring the analysis 
of either multiple endomyocardial biopsy tissue or large 
samples of tissue. Second, because enteroviruses circu- 
late freely in the blood stream!? and myocardium is 
richly vascularized, a positive signal in myocardium 
might derive from contaminating blood. None of the 
studies published so far has reported either preliminary 
rinsing of tested heart samples or systematic analysis of 
matched heart and blood samples. Blood and myocardi- 
al samples were concomitantly studied by Jin et al'? in 
14 of their patients and they found 1 patient presenting 
with myocardium positive by PCR while blood was neg- 
ative. 

Accordingly, we chose to study our material for 
presence of Coxsackievirus sequences by PCR, using 4 
sets of primer for 4 different viral genome regions, un- 
der reaction conditions allowing the amplification of a 
wide range of enteroviral species RNA. Purified RNA 
was used, extracted from large pieces of myocardium 
derived from different areas of the left ventricle in order 
to avoid sampling heterogeneity. Matched blood and 
myocardial samples were studied for all test group pa- 
tients and for 8 of 19 controls. Each sample was ana- 
lyzed twice in different experiments and both PCR and 


hybridization detection were performed under different. 


stringency conditions. The negative results obtained are 
in agreement with the results obtained by other groups 
with the same technique!?:!* and question the reported 
widespread persistence of enteroviral RNA in hearts 
with idiopathic dilated cardiomyopathy. 

The failure to reveal enteroviral sequences in our 
material could still be explained by: (1) insufficient 
number of observations (however analogous to the num- 
bers reported in published studies to date); (2) analysis 
of a group of patients mostly with end-stage disease 
where the infection might have extinguished itself with- 


out presence of appreciable amount of virus (2 patients, 
however, had a clinical history of recent onset myocar- 
dial failure after a flu-like syndrome); and (3) persis- 
tence of viral genome sequences other than those inves- 
tigated in the present study. 

Therefore, the role of Coxsackie B3 virus in the gen- 
esis of human idiopathic dilated cardiomyopathy, if any, 
should be reassessed. In addition, the “rationale” for 
treating myocarditis with steroids must be reexamined. 
In fact, steroids would be adequate in treating an im- 
mune-mediated inflammatory disease, whereas the ef- 
fects of steroids on persistent virus (even defective parti- 
cles) or cells containing viral genome have not yet been 
investigated. 
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INDICATIONS AND USAGE: EMINASE® ANISTREPLASE, is indicated for use in the management of acute myocardial 
infarction (AMI) in adults, for the lysis of thrombi obstructing coronary arteries, the reduction of infarct size, the im- 
of ventricular function following AMI, and the reduction of mortality associated with AMI. Treatment 
should be initiated as soon as possible after the onset of AMI symptoms (see CLINICAL PHARMACOLOGY). 
CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, EMINASE* is contraindicated in 
the following situations: = active internal bleeding = history of cerebrovascular accident = recent (within 2 months) 
intracranial or intraspinal surgery or trauma (see WARNINGS) = intracranial neoplasm, arteriovenous malformation, or 
aneurysm ™ known bleeding diathesis = severe, uncontrolled hypertension. EMINASE* should not be administered 
to patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE® therapy is 
bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
1. Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 
2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial 
punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE* had 
dissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 
recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
sites (including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). 
intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
EMINASE*. Venipunctures should be performed carefully and only as required. Should an arterial puncture be 
necessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible 
to manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
for evidence of bleeding. Each patient being considered for therapy with EMINASE* should be carefully evaluated 
and anticipated benefits should be weighed against potential risks associated with therapy. In the following condi- 
tions, the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: 
w recent (within 10 days) major surgery (e.g., coronary artery bypass graft, obstetrical delivery, organ biopsy, 
previous puncture of non-compressible vessels) = cerebrovascular disease € recent gastrointestinal or genito- 
urinary bleeding (within 10 days) ® recent trauma (within 10 days) including cardiopulmonary resuscitation € hyper- 
tension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg # high likelihood of left heart thrombus (e.g., mitral 
stenosis with atrial fibrillation) = subacute bacterial endocarditis = acute pericarditis = hemostatic defects including 
those secondary to severe hepatic or renal disease = pregnancy = age >75 years (Use of EMINASE® in patients 
over 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
ophthalmic conditions = septic thrombophlebitis or occluded AV cannula at seriously infected site = patients 
currently receiving oral anticoagulants (e.g., warfarin sodium) = any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 
Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 
(such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 
be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when injections of EMINASE® are administered. 
Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
observed soon after intravenous EMINASE® administration. Patients should be monitored closely and, should 
symptomatic or alarming hypotension occur, appropriate symptomatic treatment should be administered. 
PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with 
EMINASE* treatment. Invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 
been reported in patients who received EMINASE*. Accordingly, adequate treatment provisions such as epinephrine 
should be available for immediate use. 
Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE* may 
not be as effective if administered more than 5 days after prior EMINASE* or Streptokinase therapy or streptococcal 
infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days 
and 6 months after EMINASE* or Streptokinase administration may also increase the risk of allergic reactions. 
Repeated administration of EMINASE* within one week of the initial dose has occurred in a small number of patients 
treated for AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those 
patients who received repeat doses of EMINASE* but otherwise the adverse event profile was similar to those who 
received one dose. 
Laboratory Tests: Intravenous administration of EMINASE* will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE® therapy may be 
unreliable unless specific precautions are taken to prevent in vitro artifacts. EMINASE*, when present in blood in 
pharmacologic concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen 
in blood samples removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 
KIU/mL) can, to some extent, mitigate this phenomenon. 
Drug Interactions: The interaction of EMINASE* with other cardioactive drugs has not been studied. In addition to 
bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and 
dipyridamole) may increase the risk of bleeding if administered prior to EMINASE* therapy. 
Use of Anticoagulants: EMINASE* alone or in combination with antiplatelet agents and anticoagulants may cause 
bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 
studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE* during their hospital 
stay and a minority received heparin pretreatment with EMINASE*. The use of antiplatelet agents increased the inci- 
dence of bleeding events similarly in patients treated with EMINASE* or nonthrombolytic therapy. There was no 
evidence of a synergistic effect of combined EMINASE* and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of hemorrhagic CVA's in EMINASE* treated patients who did or did not 
receive aspirin. 





Carcinogenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 
the carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration 
assays in human lymphocytes were negative at all concentrations tested. 


Pregnancy (Category C): Animal reproduction studies have not been conducted with EMINASE*. It is also not known 
whether EMINASE* can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. EMINASE* should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted 
in human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE®. 


Pediatric Use: Safety and effectiveness of EMINASE* in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE* in clinical trials (n—5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate 
coronary catheterization (13.396, n—637) compared with those who did not (3.096, n—2023). The incidence of 
presumed intracranial bleeding within 7 days postdosing with EMINASE* was 0.57% (n=5275; 0.34% etiology 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. 
In the AIMS trial the overall incidence of bleeding in patients treated with EMINASE* was 14.896 compared with 
3.896 for placebo. The incidence cf specific bleeding events was: 


EMINASE* Placebo 
Type of Bleeding (n=500) (n=501) 
Puncture site 4.6% <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 2.4% <1% 
Hemoptysis 2.2% <1% 
Gastrointestinal hemorrhage 2.0% 1.4% 
Intracranial 1.0% <1% 
Gum/Mouth Hemorrhage 1.0% 0 
Epistaxis <1% <1% 
Anemia <1% <1% 
Eye Hemorrhage <1% <1% 
Hemorrhage (unspecified) <1% 0 


in this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. 
Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, 
retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of 
protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such 
bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


Cardiovascular: The most frequently reported adverse experiences in EMINASE* clinical trials (n=5275) were 
arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE* and 46% of 
nonthrombolytic control patients. Hypotension occurred in 10.496 of patients treated with EMINASE* compared to 
7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 

Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients 
treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing 
one to two weeks after treatment has been reported in 0.3% of patients. The rash may also be associated with 
arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 
self-limiting and without long-term sequelae. 


Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical 
trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was 
diagnosed in patients receiving EMINASE®. Lys-Plasminogen is derived from human plasma obtained from FDA 
approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-1 
(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inacti- 
vation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 
>10” fold HIV-1 infectious particles, i.e., >10° infectious particles removed by vapor-heat treatment and a cumu- 
lative total of >10" infectious particles removed by the various steps in the purification process. 

Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 
causal relationship to EMINASE* administration is unknown. The following adverse experiences were infrequently 
(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular —cardiac rupture, 
chest pain, emboli; Dermatology—purpura, sweating; Gastrointestinal —nausea and/or vomiting; Hemic and Lymphatic— 
thrombocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous— 
agitation, dizziness, paresthesia, tremor, vertigo; Respiratery—dyspnea, lung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE* as soon as possible after the onset of symptoms. The recommended 
dose is 30 units of EMINASE* administered only by intravenous injection over 2 to 5 minutes into an intravenous 
line or vein. 

Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P, by directing the stream of fluid against the 
side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. De net shake. Try to minimize foaming. 3. The 
reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should 
be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial. 5. The 
reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other 
medications should be added to the vial or syringe containing EMINASE*. 6. If EMINASE* is not administered within 
30 minutes of reconstitution, it should be discarded. 


HOW SUPPLIED: EMINASE* is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE* between 2-8°C (36-46°F). Do not use beyond the expiration date printed 
on the vial. 


—— a PÓ t —— Msn Ó————— — —————— — — ———————mmmm 


References 

1. Anderson JL, Sorensen SG, Moreno FL, et al. Multicenter patency trial of intravenous anistreplase com- 
pared with streptokinase in acute myocardial infarction. Circulation. 1991;83:126-140. 

2. Please see Eminase complete prescribing information. 

3. Relik-van Wely L, Visser RF, van der Pol JMJ, et al. Angiographically assessed coronary arterial patency 


U.S. License No. 1097 


EMOO1B Oct 1991 


and reocclusion in patients with acute myocardial infarction treated with anistreplase: results of the 
anistreplase reocclusion multicenter study (ARMS). Am J Cardiol. 1991;68:296-300. 

4. Jackson D. Summary of early clinical experience with anisoylated plasminogen streptokinase activator 
complex in the treatment of acute myocardial infarction. Drugs. 1987;33(suppl 3):104-111. 

5. Data on file, SmithKline Beecham Phormaceuticals. 


Marketed by: 


Qa Deanne Saseka 


©SmithKline Beecham, 1991 SKE5171 


- Ji. Saale Quia. 


TA wd. n 





SIEMENS 


The Heart of Dependability 





Intelligence 

Depend on Siemens Burdick for 
intelligent ECG technology. Inside 
and out, Burdick Stress Tolerance 
Testing Systems are engineered 
to provide accurate diagnostic 
performance for years to come. 


Useful Features; Easy 
Operation 

Depend on a full range of features 
you really need—selectable report 
format, ST segment analysis, high 
quality waveform displays, optional 
interpretive analysis, treadmill or 
bicycle compatability and more. 


Depend on user convenience built 
into every Burdick Stress System 
with preprogrammed protocols, 
easily accessible custom protocols, 
eye level displays, and uncompli- 


A94 


cated operation guided by easy to 
follow menu prompts. Burdick 
EXTOL Systems make stress testing 
a practical and affordable option 
for office, clinic or hospital. 


Experience 

For more than 40 years, health- 
care professionals have relied on 
Burdick. In fact, Burdick has more 
electrocardiographs installed in 
the United States than any other 
company. And for good reason: day 
after day, year after year, Burdick 
instruments do the job doctors 
need to have done— simply and 
accurately. 


Technology, practicality, quality 
and longevity. All of these lie at the 
heart of dependability— 

Siemens Burdick, Inc. 


Siemens Burdick, Inc. 
Tel: (708) 517-7000 Fax: (708) 517-7036 


CONGENITAL HEART DISEASE 


Determinants of Hemodynamic Results of Balloon 
Dilation of Aortic Recoarctation 
Rui Anjos, MD, Shakeel A. Qureshi, MB, MRCP, Eric Rosenthal, MD, 


lan Murdoch, MB, MRCP, Alison Hayes, MB, MRCP, Jonathan Parsons, MB, MRCP, 
Edward J. Baker, MD, and Michael Tynan, MD 


Between October 1982 and May 1990, balloon di- 
lation of aortic recoarctation was attempted in 27 
patients. In 1 case dilation was not performed ow- 
ing to suspected aortic perforation. The remaining 
26 patients had 30 procedures. The age at the 
first dilation ranged between 2.6 months and 18.3 
years. After dilation, systolic gradient decreased 
from 49 + 17 mm Hg to 20 + 17 mm Hg (p 
«0.001). A reduction of gradient to <20 mm Hg 
occurred after the first dilation in 17 of 26 (65%) 
patients. Residual gradients between 25 and 80 
mm Hg were present in the remaining 9 patients. 
During follow-up of 2 months to 6.7 years, 5 of 17 
patients with a good initial result developed fur- 
ther recoarctation (2 had successful redilation, 2 
had reoperation, and 1 is awaiting repeat dila- 
tion). Of 9 patients with gradients >20 mm Hg af- 
ter the first dilation, 1 had successful redilation 
and 3 had reoperation. The remaining 5 patients 
are being managed conservatively. 2 patients de- 
veloped aneurysms after dilation (1 immediately 
and the other at 2 months). In all, 15 patients 
(5896) had a good, and 11 (42%) a poor late he- 
modynamic result. Aortic diameters at different 
levels of the aortic arch and at the reconstructed 
isthmus (normalized to the aorta at the level of the 
diaphragm) were significantly higher in the group 
with a good late result than in that with a poor 
one. Balloon/aortic diameter ratio at diaphragm 
level also had a significant influence on the late re- 
sults. 

(Am J Cardiol 1992;69:665-671) 
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repair is between 5 and 2596, depending on 

type!? and on age at operation.^? Reoperation 
has important risks such as spinal cord injury, bleeding, 
infection and a significant mortality.^* Frequently after 
surgery, the restenosis is not completely relieved, or 
even after relief hypertension persists.?!? Since 1983, 
balloon dilation has been used as an alternative to surgi- 
cal treatment for aortic recoarctation with good initial 
results.!!-!^ However, there is inadequate information 
on the longer term results, especially concerning reste- 
nosis and aneurysm formation. The purpose of this 
study was to evaluate the immediate and intermediate- 
term results of balloon dilation for recoarctation, and to 
define factors that influence these results. 


T* incidence of aortic recoarctation after surgical 


METHODS 

Between October 1982 and May 1990, balloon dila- 
tion was attempted in 27 patients (14 female and 13 
male) who had developed aortic recoarctation after sur- 
gical repair. The types of original coarctation repair in- 
cluded subclavian flap aortoplasty in 17 patients, patch 
aortoplasty in 5, end-to-end anastomosis in 4, and sub- 
clavian flap aortoplasty followed by patch aortoplasty 2 
months later in 1. The associated defects included a 
ventricular septal defect in 8 patients (in 1, pulmonary 
artery banding was performed with the coarctation re- 
pair), valvar or subvalvar aortic stenosis in 4, pulmonary 
artery stenosis in 1, mitral stenosis and incompetence in 
1, and double inlet left ventricle with discordant ven- 
triculoarterial connection in 1. Age at surgery ranged 
from 3 days to 6.4 years (median 10 days, interquartile 
range 35 days), and 20 patients (74%) were operated on 
in the neonatal period. 

At balloon dilation, all patients had upper limb hy- 
pertension (blood pressure above the 95th centile for 
age, and gradient >30 mm Hg across the restenosis. 
Age at first dilation was between 2.6 months and 18.3 
years (median 8 months, interquartile range 9.4 years), 
and weight was between 3.2 and 50 kg (median 8, inter- 
quartile range 19.5). Balloon dilation was attempted be- 
tween 2 months and 18 years (median 7.5 months, in- 
terquartile range 3.9 years) after the initial surgical re- 
pair. 4 patients had a further dilation 6 months to 4.3 
years (mean 1.7 years) after the first procedure. In 1 
patient, dilation was not performed because of suspect- 
ed guidewire dissection at the site of recoarctation. This 
patient was not considered in the evaluation of the re- 
sults, which was limited to the remaining 26 who under- 
went 30 procedures. 
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TABLE I Ratio of Aortic Arch Diameters at Different Levels 
Normalized to the Aortic Diameter at the Level of the 
Diaphragm 


Recoarctation Group Control Group 
(n = 26) (n = 20) p Value 


BCA-LCCA/AoDiaph 0.91 + 0.16 
0.81 + 0.16 
0.81 + 0.19 


(n = 9) 


Values are mean + standard deviation. 

AoDiaph = aortic diameter at level of diaphragm; BCA-LCCA = aortic diameter 
between brachiocephalic and left common carotid arteries; DLCCA = aortic diameter 
distal to left common carotid artery; DLSA = aortic diameter distal to left subclavian 
artery. 


1.39 X 0.25 «0.001 
1.26 + 0.18 «0.001 
1.132 0.14 «0.001 


DLCCA/AoDiaph 
DLSA/AoDiaph 


Technique of balloon dilation: Patients underwent 
cardiac catheterization by percutaneous puncture of the 
femoral artery in 25 procedures, femoral arteriotomy in 
4 (all early in the series), and percutaneous puncture of 
the right axillary artery in 1. Six procedures were per- 
formed under general anesthesia, and the remainder un- 
der local anesthesia with sedation. Heparin (50 to 100 
IU/kg) was administered after arterial cannulation and 
not reversed at the end of the procedure. A withdrawal 
peak systolic pressure gradient across the recoarctation 
was obtained, and an aortogram performed to assess the 
anatomy of the recoarctation and the dimensions of the 
aortic arch. The size of the balloon catheters was select- 
ed using a size similar to the diameter of the arch just 
distal to the origin of the left common carotid artery 
early in the series, and later similar to the aortic diame- 
ter at diaphragm level. An exchange guidewire was ad- 
vanced into the ascending aorta, and the balloon was 
positioned across the restenosis. The balloon was inflat- 
ed to pressures recommended by the manufacturer, with 
50% contrast medium diluted with normal saline solu- 
tion, for 10 to 25 seconds and deflated. Inflation was 
repeated an average of 4 times. The balloon catheter 
was then replaced by a multipurpose catheter, and an 
arch aortogram was repeated. A final gradient was 
measured by pullback or with a double-lumen catheter. 

Measurements of aortic dimensions: All cineangio- 
grams were reviewed retrospectively, and measurements 
were obtained at end-systole using digital calipers with 
a resolution of 0.01 mm. Measurements included (1) 
minimum diameter of the recoarctation, (2) transverse 
aortic arch between brachiocephalic and left common 
carotid arteries, (3) just distal to left common carotid 
artery, (4) just distal to left subclavian artery in patients 
with end-to-end anastomosis or patch repair, and (5) 
aorta at diaphragm level. The first 4 diameters were 
normalized for each patient by calculating their ratios 
to the aorta at diaphragm level. The ratios were used as 
indicators of the degree of hypoplasia of the different 
segments of the aortic arch. Measurements were cor- 
rected for magnification by reference to the external di- 
ameter of the catheter. When patients had repeat dila- 
tion procedures, the latest angiograms were used for 
measurements. 

Aortograms were analysed in 20 patients with a nor- 
mal aortic arch, and aortic diameters were measured at 








the same levels. A normal range of the aortic arch ratios 
normalized to the aorta at diaphragm level was ob- 
tained for comparison. The manufacturer's stated bal- 
loon diameters were also normalized by calculating bal- 
loon/aortic diameter ratios at the different levels of the 
aorta. 

Follow-up: Clinical and Doppler echocardiographic 
follow-up was available in all patients for 2 months to 
6.7 years (mean 1.8 years), and magnetic resonance im- 
aging of the aortic arch in 16 patients for 6 days to 6.6 
years (mean 1.9 years) after balloon dilation. Cardiac 
catheterization was repeated in 9 patients 5 months to 
4.3 years (mean 1.6 years) after dilation, when 4 pa- 
tients had significant restenosis needing further dilation. 
Thus, anatomical follow-up of the aortic arch using ei- 
ther magnetic resonance or angiography was available 
after 23 of the 30 (77%) procedures. 

A good late hemodynamic result after balloon dila- 
tion was defined as systemic arterial blood pressure 
«95th centile for age, and residual gradient across the 
restenosis <20 mm Hg measured by Doppler echocardi- 
ography or at repeat cardiac catheterization. 

Statistical methods: Values are presented as mean 
+ | standard deviation, unless stated otherwise. Statisti- 
cal analysis was performed using the paired and un- 
paired ¢ tests, and the Mann-Whitney U test was used 
for those variables with a wide deviation from the nor- 
mal distribution. For a 2 X 2 contingency table we used 
Fisher's exact test, because the numbers involved were 
relatively small. A p value «0.05 was considered signifi- 
cant. To assess the value of the different aortic arch 
measurements for predicting a good or poor outcome, 
we evaluated the sensitivity and specificity for various 
cutoff values of the normalized aortic arch diameters. 


RESULTS 

Anatomy of the aortic arch: Average normalized di- 
ameters of the aorta between the brachiocephalic and 
left common carotid arteries, just distal to the left com- 
mon carotid artery, and just distal to the left subclavian 
artery in those patients in whom this latter artery had 
not been used in the repair were below 2 standard devi- 
ations of the control group mean, indicating varying de- 
grees of arch hypoplasia (Table I). 

Balloon size: The selected balloon size tended to be 
larger than the aortic diameters distal to the left com- 
mon carotid and subclavian arteries, but slightly smaller 
than the aorta at the level of the diaphragm (Table II). 

Immediate results: The systolic gradient across the 
recoarctation decreased from 49 + 17 mm Hg (range 
30 to 90) before to 20 + 17 mm Hg (range 0 to 80) 
after dilation (p <0.001). A good result (gradient X20 
mm Hg) was obtained after 17 of the 26 (65%) initial 
procedures. The remaining 9 patients (35%) had gradi- 
ents ranging from 25 to 80 mm Hg (mean 41). Mini- 
mum diameter of the restenosis increased by an average 
of 50% (4.1 + 2.9 mm before to 6.2 + 3.0 mm after the 
procedure; p <0.001). This diameter, when normalized 
to the aortic diameter at diaphragm level, increased by 
an average of 60% (0.38 + 0.13 mm before to 0.6 + 
0.13 mm immediately after dilation; p «0.001 ). 
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Complications: There was no associated mortality. 
In 1 patient, balloon dilation was not performed owing 
to a suspected perforation at the restenosis that was not 
confirmed at subsequent surgical repair. Early in the 
series, complete occlusion of the femoral artery oc- 
curred in 1 patient who needed surgical thrombectomy. 
In 3 children, transient loss of the femoral pulse was 
successfully treated with intravenous heparin infusion. 
All femoral artery complications occurred in children 
weighing «10 kg (4 of 16 patients). One patient devel- 
oped transient ophthalmoplegia, with spontaneous com- 
plete recovery after 3 weeks. In 2 procedures, longitudi- 
nal rupture of the balloon occurred without causing any 
problems. In 1 patient in whom repair by end-to-end 
anastomosis had been performed, the angiogram imme- 
diately after dilation revealed an aneurysm distal to the 
restenosis (Figure 1A). One week later, a magnetic res- 
onance imaging scan showed an enlarging aneurysm 
(Figure 1B), and the patient was referred for surgery. 

Late hemodynamic results: PATIENTS WITH GRADI- 
ENTS «20 MM HG IMMEDIATELY AFTER THE FIRST DILATION: 
Seventeen patients (65%) had a gradient <20 mm Hg 
after the first dilation; 12 have remained normotensive, 
with Doppler gradients «20 mm Hg at the latest fol- 
low-up. Of the remaining 5 patients, 4 developed fur- 
ther restenosis. In 2 of these patients, the gradients are 
«20 mm Hg after repeat dilation, whereas another is 
awaiting repeat dilation. The fourth patient had arch 
hypoplasia and despite the use of an adequate-sized bal- 
loon (balloon/aortic diameter ratio 0.95 at diaphragm 
level, and 1.4 at the level of the left common carotid 
artery) she developed restenosis (gradient 50 mm Hg) 
and needed Dacron patch aortoplasty. The fifth patient 
developed an aneurysm early after the procedure, which 
increased in size rapidly, and underwent reoperation. 

PATIENTS WITH GRADIENTS >20 MM HG IMMEDIATELY AF- 
TER THE FIRST DILATION: Nine patients (35%) had gradi- 
ents >20 mm Hg immediately after dilation; 1 has had 
a persistent good result after repeat dilation. In 1 pa- 
tient, repeat dilation was ineffective, and he had further 
surgery. Two patients had surgical repairs without redi- 
lation being attempted. The remaining 5 patients (gra- 
dients 25 to 45 mm Hg) have been managed conserva- 
tively; 2 have gradients <30 mm Hg and are normoten- 
sive. One patient has multiple arch stenoses with a 
hypoplastic aortic arch (Figure 2) and a gradient of 40 
mm Hg between ascending and descending aorta. This 
patient and another 2 are on 6-blocker therapy and 
awaiting repeat dilation. 

Late follow-up: During follow-up of 2 months to 6.7 
years (mean 1.8 + 1.8 years), 15 patients (58%) had a 
good, and 11 (42%) a poor late hemodynamic result af- 
ter dilation (Figure 3). Five patients (19%) have needed 
further surgery, and the remaining 21 (81%) have been 
managed without needing further surgery. 

In the 15 patients with a good late result, systemic 
systolic blood pressure was 102 + 14 mm Hg (all such 
cases being below the 95th centile for age). The group 
of patients with a poor late result had a systemic systolic 
blood pressure of 136 + 15 mm Hg, and it was normal 
in only 2 patients. 












TABLE Il Ratio of Balloon Size to Aortic Diameters in Overall 
Group 






1.14 + 0.37 (0.68 to 2.22) 
1.32 + 0.40 (0.68 to 1.88) 





Distal to left common carotid artery 
Distal to left subclavian artery 

At minimum diameter of restenosis 2.67 + 1.34 (1.25 to 7.69) 
At level of diaphragm 0.90 + 0.22 (0.50 to 1.40) 


Values are mean + standard deviation. 







FIGURE 1. A, early aneurysm (arrow) detected 
after balloon dilation in patient with previous end-to-end re- 


pair. B, magnetic resonance scan performed week later 
showed increase in size of aneurysm (arrow). 
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FIGURE 2. Hypoplastic aortic arch with multiple stenoses in 
patient with poor late result after balloon dilation. 


One patient had a small aneurysm 2 months after 
dilation, detected by angiography performed for evalua- 
tion of associated intracardiac defects. This has been 
managed conservatively. The overall incidence of early 
and late aneurysms after dilation was 8%, and in 1 of 
these patients (with an early aneurysm rapidly increas- 
ing in size) surgery was needed. 

Comparison of the images obtained by angiography 
immediately after dilation and at follow-up by magnetic 


LATE RESULTS 
n = 26 


GRADIENT « 20 mmHg AFTER 
1st BALLOON DILATION 


n = 17 


Je 
12 


2 


GRADIENT «20 mmHg SURGERY 
NORMAL BLOOD PRESSURE 


15 
(582) 














resonance imaging showed similar details of the aortic 
arch (Figure 4). In 2 patients with angiographic evi- 
dence of arch hypoplasia at dilation, magnetic reso- 
nance showed persistent hypoplasia at the late assess- 
ment. In 4 other patients (all with poor hemodynamic 
results), the presence of further restenosis was demon- 
strated by magnetic resonance. 

Factors influencing late hemodynamic results: AOR- 
TIC ARCH ANATOMY: The ratios of the aortic diameters 
measured between the brachiocephalic and left common 
carotid arteries, between the left common carotid and 
subclavian arteries, and distal to the left subclavian ar- 
tery (in those patients in whom this artery was not used 
in the surgical repair), normalized to the aortic diame- 
ter at the level of the diaphragm, are shown in Table 
III. In the subgroup of patients with a good late result, 
these ratios were significantly higher at all the levels 
than in those with a poor late result. The normalized 
minimum diameter of the restenosis was not different in 
the 2 subgroups. 

The highest combined sensitivity and specificity for 
predicting a poor late hemodynamic result was obtained 
for a normalized diameter ratio of the aorta between 
the brachiocephalic and left common carotid arteries of 
X0.90 (82 and 67%, respectively). Of 14 patients with 
this ratio, 9 (64%) had a poor late result. Of the remain- 
ing 12 patients with a ratio 70.90, ten (83%) had a 
good late result. Similarly, for the aortic diameter distal 
to the left common carotid artery, the highest combined 
sensitivity and specificity was achieved for a normalized 
diameter ratio 0.85 (91 and 60%, respectively). Of the 
16 patients with this ratio, 10 (6396) had a poor late 
result, whereas of the remaining 10 patients with a ratio 
20.85, nine (90%) had a good late result. 

The sensitivity and specificity of the different aortic 
diameters for identifying the group of patients with poor 


GRADIENT > 20 mmHg AFTER 
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FIGURE 3. Late results after balloon dila- 


CONSERVATIVE MANAGEMENT 
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FIGURE 4. Magnetic resonance imaging of 
aortic arch (coronal oblique view) in case of 
restenosis, 2.2 years after balloon dilation. 
Note similar detail to aortogram performed 3 
months later at time of repeat balloon dila- 
tion. 


results were maximized when a normalized aortic diam- 
eter ratio <0.80 between the brachiocephalic and left 
common carotid arteries or <0.75 distal to left common 
carotid artery, or both, was considered. Of 10 patients 
in these categories, 8 (80%) had a poor late result. Of 
16 patients with normalized ratios >0.8 and 0.75, 13 
(81%) had a good, and 3 (19%) a poor result, respec- 
tively. The sensitivity and specificity for predicting a 
poor result were 73 and 87%, respectively. 

BALLOON SIZE: The balloon/aortic diameter ratio at 
diaphragm level was 0.98 + 0.22 in the group with a 
good late result, and 0.81 + 0.20 in that with a poor one 
(p = 0.02). However, the balloon /aortic diameter ratios 
at various levels of the aortic arch or at the minimum 
diameter of the restenosis were not significantly differ- 
ent between the 2 groups (Table III). 

In the group with poor late results, 3 patients had 
aortic arch diameter ratios normalized to diaphragm 
level 70.80 and >0.75 between the brachiocephalic and 
left common carotid arteries, and just distal to the left 
common carotid artery, respectively. In retrospect, un- 
dersized balloons had been used in all 3 patients, with 
balloon/aortic ratios at diaphragm level of 0.7 in 2 pa- 
tients, and 0.8 in the other. One other patient had a 
moderately hypoplastic arch, and despite the use of an 
adequate sized balloon (balloon/aortic ratio at dia- 
phragm level of 0.90), a good result was not achieved. 

OTHER FACTORS: Late hemodynamic results were not 
influenced by age at initial surgery or type of surgery 
(Table IV). The severity of the recoarctation (assessed 


PHILIPS 


BCA-LCCA/ AoDiaph 
DLCCA/ AoDiaph 
DLSA/AoDiaph 


MDR/AoDiaph 


Balloon/ DLCCA 


Balloon/ DLSA 
Balloon/MDR 


Balloon/AoDiaph 


Good Result 


0.98 + 0.15 
0.89 + 0.14 

0.9 + 0.21 

0.4 + 0.14 
1.08 + 0.29 
1.23 + 0.47 
2.85 + 1.74 
0.98 + 0.22 


Poor Result 


0.81 + 0.13 
0.72 + 0.13 
0.69 + 0.06 
0.39 + 0.12 
1.2 + 0.44 
1.43 + 0.33 
2.48 + 0.77 
0.81 + 0.2 





TABLE III Factors Influencing Late Hemodynamic Results 


p Value 





i 
Nar ue perm N YI a 


*Significant difference. 
MDR = minimum diameter of restenosis; other abbreviations as in Table |. 





both by gradient before dilation and normalized diame- 
ter of restenosis) was not significantly different between 
the groups with good or poor late results. A similar in- 
crease in the diameter of restenosis occurred after dila- 
tion in the 2 groups. 

Aneurysm formation: Two patients developed aneu- 
rysms after dilation. In 1 patient with a previous end-to- 
end repair, the aneurysm occurred immediately after di- 
lation (Figure 1). This was confirmed at operation. The 
balloon/aortic diameter ratios were 3.1 at restenosis, 1.6 
at the level of the left common carotid artery, 1.5 at the 
left subclavian artery, and 1.17 at the diaphragm. In the 
other patient, who had undergone a patch repair, the 
aneurysm was detected 2 months after dilation. The 
balloon/aortic diameter ratios were 4.2 at restenosis, 1.8 
at the level of the left common carotid artery, 1.9 at the 


TABLE IV Factors Influencing Late Hemodynamic Results 


Good Result 


Type of surgical repair 
Subclavian flap 
Patch 
End-to-end 


Age at surgical repair 
(days) 

Age at balloon dilation (yr) 

Gradient before dilation 
(mm Hg) 


Median 10 (IQR 67) 


Median 1.18 (IQR 9.38) 
44.1 + 12.6 


Poor Result 


7 
0.39* 
l 
Median 10 (IQR 21) 0.53t 


Median 0.59 (IQR 3.19) 0.201 
52.8 + 19.6 0.08 


*Subclavian flap versus patch plus end-to-end repair (Fisher's exact test). 


tMann-Whitney U test. 
IQR = Interquartile range. 
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left subclavian artery, and 1.39 at the diaphragm. In 
both cases, the balloons used were larger than the aorta 
at diaphragm level. However, 3 other patients had bal- 
loon/aortic diameter ratios at diaphragm level >1.2, 
and no aneurysms occurred. 


DISCUSSION 

Because of significant problems associated with sur- 
gery for aortic recoarctation,^?!? balloon dilation has 
been proposed as an alternative. However, this proce- 
dure is not always effective and not risk-free.!?.!4 

Determinants of successful balloon dilation: In sev- 
eral studies, different criteria have been used to deter- 
mine the success of balloon dilation for recoarctation. 
These criteria include percent gradient reduction, per- 
cent increase of restenosis diameter, and absolute value 
of the residual gradient.!2:!4-!6 This has produced a va- 
riety of interpretations of what constitutes a good result, 
making it difficult to compare the different series. We 
believe that stricter criteria need to be defined and used. 
These should include a decrease in gradient to a mini- 
mum level (we used «20 mm Hg), achievement of a 
normal systemic arterial blood pressure, and lack of ma- 
jor damage to the aortic wall. Accordingly, we based 
our hemodynamic criteria on the absolute values of the 
residual gradient across the restenosis, and late systemic 
arterial blood pressure. Fifty-eight percent of our pa- 
tients achieved an excellent hemodynamic result, and 
19% have needed further surgery. The indication for 
surgery was a high residual gradient in the majority of 
cases, and in 1 an enlarging aneurysm. Our experience 
has shown that a second procedure may be rewarding 
when the first is unsuccessful because of the use of too 
small a balloon. Thus, some of our patients with high 
residual gradients in whom small balloons were used 
may have avoided reoperation at the present time. 

Aortic arch hypoplasia, frequently present in neona- 
tal coarctation,'’ may contribute to restenosis after pre- 
vious surgery. Our patients with recoarctation had sig- 
nificantly smaller arch diameters compared with those 
of the control group. In our series, the best predictor of 
a poor late hemodynamic result after dilation was arch 
hypoplasia (normalized aortic diameter ratios 0.80 be- 
tween the brachiocephalic and left common carotid 
arteries, or 0.75 distal to the left common carotid ar- 
tery, or both). In 8096 of our patients with a poor late 
result, the diameter ratios of the aortic arch were within 
these categories. In view of these anatomic observations, 
it is therefore not surprising that balloon dilation is not 
effective in all patients with recoarctation. What is 
more difficult to explain is why some patients with re- 
coarctation and arch hypoplasia were improved by dila- 
tion. Therefore, we do not preclude the use of dilation in 
patients with unfavorable arch anatomy. 

Another factor influencing late hemodynamic results 
was balloon size. A variety of methods for selecting bal- 
loon size have been used.!?!5!5 Early on we used the 
diameter of the reconstructed aortic isthmus for the se- 
lection of the balloon, but the results were unpredict- 
able.'? We have now found that the balloon/aortic ratio 
at the level of the transverse arch, isthmus or restenosis 


did not affect the results, but the use of balloons that 
were of similar diameter to the aorta at diaphragm level 
produced an acceptable outcome. We propose that this 
is the best guide for balloon selection. Because most pa- 
tients have some degree of arch hypoplasia, using other 
aortic diameters may result in the use of undersized bal- 
loons and lead to suboptimal results. 

The initial restenosis diameter did not affect the he- 
modynamic results in our series. This differs from those 
investigators!ó who used percent increase in restenosis 
diameter as 1 of the criteria for success. It is not surpris- 
ing that they considered that they were most successful 
in the severest cases. 

In our study, the type of previous surgical repair, 
and ages at surgery and balloon dilation were not dif- 
ferent in the groups with a good or poor outcome. 
Our experience differs from those investigators who ob- 
tained better results with balloon dilation in younger pa- 
tients. !4!6 

Mechanism of balloon dilation and aneurysm for- 
mation: The mechanism by which balloon dilation pro- 
duces relief in coarctation has been described in several 
studies./??! The inherent aortic damage produced by 
balloon dilation predisposes patients to the risk of devel- 
oping aneurysms. These aneurysms have been observed 
not only after balloon dilation of primary coarcta- 
tion??? and recoarctation,!?^!4^ but also after surgical 
repair.?*25 Angiographic evaluation after dilation for re- 
coarctation revealed no aneurysms in some series, !®!8,26 
but showed an incidence of 2 to 10% in others.!?:!4 In 
our series, aneurysms occurred in 2 patients (8%) in 
whom the balloon/aortic diameter ratios at diaphragm 
level were 1.39 and 1.17, respectively, and at the level of 
restenosis 4.2 and 3.1, respectively. Although these ra- 
tios support oversized balloons as the cause of aneurysm 
formation, there were 3 other cases with balloon /aortic 
diameter ratios at diaphragm level >1.2 who did not 
develop aneurysms. 

Although we recommend that overdilation should be 
avoided, it appears that even with an optimal technique, 
aneurysm formation may be an inherent risk of the pro- 
cedure. The natural history of such aneurysms is not 
known, but after surgery there have been occasional in- 
stances of rupture.'?? The definition of aneurysms, the 
method of their detection, and currently, a relatively 
short follow-up may bias the incidence of this complica- 
tion. The use of magnetic resonance imaging should 
overcome these problems. It is the ideal technique for 
serial noninvasive assessment of the aortic arch2829 and 
may provide the true incidence of this complication in 
the long term. 

Other complications: There were no deaths after di- 
lation in our series. In the Valvuloplasty and Angio- 
plasty of Congenital Anomalies Registry,!^ a mortality 
of 2.5% was reported, which was related to either the 
procedure or the severity of the underlying disease. Oc- 
clusion of the femoral artery is usually due to a large 
shaft of the balloon catheter or to a rupture of the bal- 
loon,'* and tends to occur in smaller patients.!3 Current- 
ly, this complication seems unavoidable. However, mod- 
ifications of the catheter shaft size and profile may re- 
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duce its incidence. Neurologic complications have been 
described in 2% of cases, resulting in death in 1 pa- 
tient.!4 Transient ophthalmoplegia was the only neuro- 
logic complication in our series. The cause of these com- 
plications is unclear, but some investigators have em- 
phasized that the balloon and guidewire should be kept 
out of the major branches of the aortic arch.!430 


Acknowledgment: We are grateful to Nigel Smee- 
ton, MSc, FIS, for statistical advice. 


REFERENCES 

1. Presbitero P, Demaire D, Villani M, Perinetto EA, Riva G, Orzon F, Bobbio 
M, Morea M, Brusca A. Long term results (15-30 years) of surgical repair of 
aortic coarctation. Br Heart J 1987;57:462-467. 

2. Penkoske PA, Williams WG, Olley PM, LeBlanc J, Trusler GA, Moes CAF, 
Judakin R, Rowe RD. Subclavian arterioplasty. Repair of coarctation of the aorta 
in the first year of life. J Thorac Cardiovasc Surg 1984;87:894-900. 

3. Kirklin JW, Barrat-Boyes BG. Coarctation of the aorta. In: Cardiac Surgery. 
First ed. New York: John Wiley & Sons, 1986:1035-1080. 

4. Metzdorf MT, Cobanoglu A, Grunkemeyer G, Sunderland C, Staff A. Influ- 
ence of age at operation on late results with subclavian flap aortoplasty. J Thorac 
Cardiovasc Surg 1985;89:235-241. 

5. Patel R, Singh SP, Abrams L, Roberts KD. Coarctation of the aorta with 
special reference to infants. Long term results of operation in 126 cases. Br Heart J 
1977;39:1246-1253. 

6. Sanchez GR, Balsara RK, Dunn JM, Mehta AV, O'Riordan AC. Recurrent 
obstruction after subclavian flap repair of coarctation of the aorta in infants. J 
Thorac Cardiovasc Surg 1986;91:738-746. 

7. Beekman R, Rocchini A, Behrendt D, Rosenthal A. Reoperation for coarcta- 
tion of the aorta. Am J Cardiol 1981;48:1108-1114. 

8. Brewer LA III, Fosburg RG, Mulder GA, Verska JJ. Spinal cord complica- 
tions following surgery for coarctation of the aorta. J Thorac Cardiovasc Surg 
1972;64:368-381. 

9. Foster ED. Reoperation for aortic coarctation. Ann Thorac Surg 1984;38: 
81-89. 

10. Pollack P, Freed MD, Castaneda AR, Norwood WI. Reoperation for isthmic 
coarctation of the aorta: follow up of 26 patients. Am J Cardiol 1983;51: 
1690-1694. 

11. Lock JE, Bass JL, Amplatz K, Fuhrman BP, Castaneda-Zuniga W. Balloon 
dilatation angioplasty of aortic coarctations in infants and children. Circulation 
1983;68:109-116. 

12. Lorber A, Ettedgui JA, Baker EJ, Jones OD, Reidy J, Tynan M. Balloon 
aortoplasty for recoarctation following the subclavian flap operation. /nt J Cardiol 
1986;10:57-63. 

13. Cooper SG, Sullivan ID, Wren C. Treatment of recoarctation: balloon dila- 


tion angioplasty. J Am Coll Cardiol 1989;14:413-419. 
14. Hellebrand WE, Allen HD, Golinko RJ, Hagler DJ, Lutin W, Kan J. Balloon 
angioplasty for aortic recoarctation: results of Valvuloplasty and Angioplasty of 
Congenital Anomalies Registry. Am J Cardiol 1990;65:793-797. 
15. Saul JP, Keane JF, Fellows KE, Lock JE. Balloon dilation angioplasty of 
postoperative aortic obstructions. Am J Cardiol 1987;59:943-948. 
16. Perry SB, Zeevi B, Keane JF, Lock JE. Interventional catheterization of left 
heart lesions, including aortic and mitral valve stenosis and coarctation of the 
aorta. Cardiol Clin 1989;7:341-349. 
17. Morrow RW, Huhta JC, Murphy DJ, McNamara DG. Quantitative mor- 
phology of the aortic arch. J Am Coll Cardiol 1986;8:616-620. 
18. Kan JS, White RI, Mitchell SE, Farmlett EJ, Donahoo JS, Gardner TJ. 
Treatment of restenosis of coarctation by percutaneous transluminal angioplasty. 
Circulation 1983;68:1087-1094. 
19. Lock JE, Niemi T, Burke B. Transcutaneous angioplasty of experimental 
aortic coarctations. Circulation 1982;66:1280-1286. 
20. Ho SH, Sommerville J, William CL, Anderson RH. Transluminal balloon 
dilation of resected coarcted segments of thoracic aorta: histological study and 
clinical implications. Int J Cardiol 1988;19:99-105. 
21. Brandt B, Marvin WJ, Rose EF, Mahoney LT. Surgical treatment of coarcta- 
tion of the aorta after balloon angioplasty. J Thorac Cardiovasc Surg 1987:94: 
715-719. 
22. Morrow WR, Vick GW, Nihill MR, Rokey R, Johnston DC, Hedrick TD, 
Mullins CE. Balloon dilation of unoperated coarctation of the aorta: short and 
intermediate-term results. J Am Coll Cardiol 1988;11:133-138. 
23. Tynan M, Finley JP, Fontes V, Hess J, Kan J. Balloon angioplasty for the 
treatment of native coarctation: results of Valvuloplasty and Angioplasty of Con- 
genital Anomalies Registry. Am J Cardiol 1990;65:790-792. 
24. Bromberg BI, Beekman RH, Rocchini AP, Snider AR, Bank ER, Heidel- 
berger K, Rosenthal A. Aortic aneurysm after patch aortoplasty repair of coarcta- 
tion: a prospective analysis of prevalence, screening tests and risks. J Am Coll 
Cardiol 1989;14:734-741. 
25. Ala-Kulju K, Heikkinen L. Aneurysms after patch graft aortoplasty for 
coarctation of the aorta: long term results of surgical management. Ann Thorac 
Surg 1989;47:853-856. 
26. Allen HD, Marx GR, Ovate TW, Goldberg SJ. Balloon dilatation angio- 
plasty for coarctation of the aorta. Am J Cardiol 1986;57:828-832. 
27. Clarkson PM, Brandt PW, Barratt-Boyes BG, Rutherford JD, Kerr AR, 
Neutze JM. Prosthetic repair of coarctation of the aorta with particular reference 
to Dacron onlay patch grafts and late aneurysm formation. Am J Cardiol 
1985;56:342-345. | 
28. Baker EJ, Ayton V, Smith MA, Parsons JM, Maisey MN, Ladusans EJ, 
Anderson RH, Tynan M, Yates AK, Deverall PB. Magnetic resonance imaging of 
coarctation of the aorta in infants: use of a high field strength. Br Heart J 
1989:62:97-101. 
29. Bank ER, Aisen AM, Rocchini AP, Hernandez RJ. Coarctation of the aorta 
in children undergoing angioplasty: pretreatment and posttreatment magnetic 
resonance imaging. Radiology 1987;162:235-240. 
30. Benson L, Freedom R, Wilson G, Halliday W. Cerebral complications follow- 
ing balloon angioplasty of coarctation of the aorta. Cardiovasc Intervent Radiol 
1986;9:184-186. 


BALLOON DILATION OF AORTIC RECOARCTATION 671 





S 
"2 


x N A d 5S a ty - ds 
ue Se ee Nes Wut. rm NUT 


r, $ Ty 


z p 
ab HR. "au 





Instructions to Authors 


Manuscripts are received with the understanding that they are sub- 
mitted solely to THE AMERICAN JOURNAL OF CARDIOLO- 
GY, that upon submission, they become the property of the Pub- 
lisher, that the work has not been previously published, and that 
the data in the manuscript have been reviewed by all authors, who 
agree with the analysis of the data and the conclusions reached in 
the manuscript. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced 
without the written permission of the Publisher. Statements in arti- 
cles are the responsibility of the authors. 

ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor 
in Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 
7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 
Please include the corresponding author's phone number. The cover 
letter should state precisely and concisely the significance and 
uniqueness of the work in the authors' view. The authors may state 
the extent of any concessions they are readily prepared to make 
(for example, the elimination of 1 or more figures or tables or a 
portion of the text) to increase the likelihood of publication of their 
work in the Journal. Several names and addresses should be pro- 
vided of nonlocal experts who, in the authors' view, could provide 
objective and informed reviews of their work. The names of investi- 
gators considered unlikely by the authors to give nonbiased reviews 
of their work also may be submitted. This request is honored. 

Submit 3 copies (1 original and 2 copies) of the entire manu- 
script including text, references, figures, legends and tables. Study 
recent past issues of the Journal for format. Arrange the paper as 
follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city 
and state or city and country from which the work originated; (2) 
second title page, with only the title of the article (page not num- 
bered); (3) abstract; (4) text; (5) acknowledgment; (6) references; 
(7) figure legends; (8) miniabstract for Table of Contents that in- 
cludes the full title and names (without academic degrees) of the 
authors (page not numbered); and (9) tables. Number the title 
page as 1, abstract page as 2, and so forth. (Leave the second title 
page and the miniabstract page unnumbered.) Type on 22 X 28 cm 
(8.5 X 11 inch) paper, on 1 side only of each sheet, double-spaced 
(including references) with at least 25-mm (1-inch) margins. 

The second title page, which omits the names and institutions of 
authors, gives the Editor in Chief the option of acquiring blinded or 
nonblinded reviews. References to the institution in the text or to 
the author's previous work in the Reference section must be deleted 
or written in a manner that prevents identification of authors and 
institution. Label figures with the manuscript title rather than the 
authors' names so that blinded reviews can be solicited. Authors 
should state which type of review they wish in the cover letter. 

TITLE PAGE, ABSTRACT AND MINIABSTRACT: For the com- 
plete title page, include the full first or middle and last names of all 
authors. List the institution and address from which the work origi- 
nated, and provide information about grant support if necessary. If 
the work described is supported by a grant from a pharmaceutical 
company, that fact should be stated on the title page. Add at the 
bottom the phrase, “Address for reprints:” followed by full name 
and address with zip code. Add a 2- to 4-word running head. Limit 
the abstract to 250 words and the Table of Contents miniabstract to 
150 words. List 2 to 6 key words for subject indexing at the end of 
the abstract or Brief Report. 

STYLE: Use appropriate subheadings throughout the body of the 
text, such as the Methods, Results and Discussion. Tables, figures 
and references should be mentioned in numerical order throughout 
manuscript. Abbreviations are permitted, but no more than 3 per 
manuscript, and then they must be used on every page of the manu- 
script after they are initially spelled out (followed by the abbrevia- 
tion) in both abstract and introduction. Abbreviations are usually 
limited to terms in the manuscript's title. Use generic names of 
drugs. Do not spell out any number, including those less than 10, 
except when used for opening a sentence, but try not to begin sen- 
tences with numbers. Use symbols for less than (<), greater than 
(>) and percent (%). Indent for paragraphs except the first one in 
both abstract and introduction. Consult the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals, published in 
The Annals of Internal Medicine June 1982;96:766-771, and also 
the Stylebook/Editorial Manual of the AMA. 


REFERENCES: List all authors, year, volume and inclusive pages 
for all journal references, and specific page numbers for all book 
references as shown below. Abstracts should not be used as refer- 
ences. Do not use periods after authors' initials or after abbrevia- 
tions for titles of journals. Check Index Medicus or Annals of In- 
ternal Medicine (June 1982) as cited above for journal titles and 
abbreviations. Personal communications and unpublished observa- 
tions do not constitute references, but may be mentioned within the 
text. 


Journal: Harvey W, Heberden W, Withering W, Stokes W, 
Murrell W, Einthoven W, Osler W. Anomalies and curiosities 
of cardiology and of cardiologists. Reflections of famous med- 
ical Williams. 4m J Cardiol 1984;53:900-915. 


Chapter in Book: Cabot RC, White PD, Taussig HB, Levine 
SA, Wood P, Friedberg CK, Nadas AS, Hurst JW, Braun- 
wald E. How to write cardiologic textbooks. In: Hope JA, ed. 
A Treatise on Disease of the Heart and Great Vessels. Lon- 
don: Yorke Medical Books, 1984:175-200. 


Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoord 
C, Brock RC, Bailey CP, DeBakey ME. The Closing of 
Holes, Replacing of Valves and Inserting of Pipes, or How 
Cardiovascular Surgeons Deal with Knives, Knaves and 
Knots. New York: Yorke University Press, 1984:903. 


FIGURES: Submit 3 glossy unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned 
unless requested. Use black ink for all charts (line drawings). Use 
arrows to designate special features. Crop photographs to show 
only essential fields. Identify figures on back by title of the article; 
omit the authors' names so that blinded reviews can be obtained. 
Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on a separate page, double- 
spaced. Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 


TABLES: Place each table on a separate page, typed double- 
spaced. Number each table in Roman numerals (Table I, II, etc.) 
and title each table. Identify in alphabetical order at the bottom of 
the table all abbreviations used. When tabulating numbers of pa- 
tients, use no more than 2 lines, preferably only 1 line, per patient. 
Use a plus sign (+) to indicate “positive” or "present," a zero (0) 
for "negative" or "absent," and dash (—) for “no information 
available" or *not done." Do not use “yes” or “no” or “none.” 


BRIEF REPORTS and CASE REPORTS: Bricf Reports and Case 
Reports should be limited to no more than 4 text pages (including 
the title page) and 6 references. Neither an abstract nor a Table of 
Contents miniabstract is required for a Brief or a Case Report. 
Subheadings are not used. Provide a summary sentence at the end. 


READERS’ COMMENTS: The author who submits a “letter” for 
consideration for publication should provide a cover letter on his/ 
her own stationery to the Editor in Chief stating why the letter 
should be published. The letter (as well as references) for consider- 
ation for publication should be typed, double-spaced, on a separate 
sheet of plain white paper and limited, with few exceptions, to 2 
pages. The original and 2 copies should be submitted. A title for 
the letter should be provided at the top of the page. At the end of 
the letter, the writer's full name and city and state (or country if 
outside the US) should be provided. The author's title and institu- 
tion should not be included. A letter concerning a particular article 
in the Journal must be received (from authors within the US) with- 
in 2 months of the article's publication. 


REPRINTS: Price schedules and order cards for reprints are 
mailed to the author upon publication of the article. Individual re- 
prints must be obtained through the author. 

PERMISSIONS: Permission to reproduce figures published in the 
Journal is obtained by writing to: The Managing Editor, THE 
AMERICAN JOURNAL OF CARDIOLOGY, 249 West 17th 
St., New York, NY 10011. 


672 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 MARCH 1, 1992 


Only one 

beta blocker 
offers all these 
advantages 
for patients 
with PVCs 


An established starting dose 
and dosage range for PVCs 


-  Cardioselectivity with 
~ s. no adverse effect on lipids 


" Safety demonstrated E 
B S in post-MI patients > 





idely studied and clinically 
oven for PVC control 





^. ^ 
TEC" 
II Tr" 


TIT ee 
Ivi 






Danae 


E e cA 
a So 
LIUM p Hr 54 
ee. eee Star s 
t ^T EnEn FORD. 
T5 en y: d Rx 







wx BERG Te 
s i "n 


ry 
gn Ae a 
P 






prescribing information 


== WW Sectral 
omma acebutolol HCI 


THE CARDIOSELECTIVE BETA BLOCKER FOR PVC CONTROL 


CAPSULES 





61159 


UIS A Ft "5 ) 


Pia a 
y 


Pe 


by: 


E 





£s 
*: 
L 


- 
H 


3 z P DAL. 
rel in fii td ; e. 2 


400 mg 


C ral CAPSULES 
acebutolol HCl 


THE CARDIOSELECTIVE BETA BLOCKER FOR PVC CONTROL 


Usual starting 200 mg 
dose b.i.d. 


Optimal 600 mg to 
PVC response 1200 mg per day 
Doses above 800 mg per day 


Use in elderly 
should be avoided 
EP ROC USE ES Oni: RN CE UNSER C AERO Rt oi i MAG 


(Brief Summary. See Package Circular for full prescribing information.) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe 
bradycardia; 2) second- and third-degree heart block; 3) overt cardiac failure; 

4) cardiogenic shock. (See WARNINGS) 

WARNINGS: Cardiac Failure: Sympathetic stimulation may be essential for support 
of circulation in patients with diminished myocardial contractility and inhibition by 
B-adrenergic receptor blockade may precipitate more severe failure. Although 
B-blockers should be avoided in overt cardiac failure, SECTRAL can be used 
cautiously when heart failure is controlled with digitalis and/or diuretics. Digitalis and 
SECTRAL impair AV conduction. Withdraw SECTRAL if cardiac failure persists. 

In Patients Without a History of Cardiac Failure: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the 
myocardium with B-blockers over time may lead to cardiac failure. Digitalize patients at 
first signs of failure, and/or give a diuretic and observe closely. Withdraw SECTRAL if 
cardiac failure persists. 

ion of Ischemic Heart Disease Following Abrupt Withdrawal: Abrupt 
discontinuation of some B-blockers in coronary artery disease patients may exacerbate 
angina; in some cases, myocardial infarction and death have been reported. Caution 
such patients against interruption of therapy without a physician's advice. Even in the 
absence of overt ischemic heart disease, withdraw SECTRAL gradually over a period 
of about two weeks; observe carefully and advise patients to minimize physical activity 
during this time. (If desired, patients may be transferred directly to comparable doses 
of an alternative B-blocker without interruption of B-blocking therapy.) If exacerbation of 
angina occurs, restart full-dose anti-anginal therapy immediately and hospitalize 
patient until stabilized. 

I Vascular Disease: B-antagonists reduce cardiac output and can 
precipitate/aggravate arterial insufficiency in patients with peripheral or mesenteric 
vascular disease. Exercise caution and observe such patients closely for progression 
of arterial obstruction. 

Bronchospastic Diseases: Patients with Bronchospastic Disease Should, in 
General, Not Receive a D-Blocker. Because of its relative B4-selectivity. low doses of 
SECTRAL may be used cautiously in such patients who do not respond to, or cannot 
tolerate, alternative treatment. Since B,-selectivity is not absolute and is dose- 
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. dependent, use lowest possible dose of SECTRAL initially, preferably in divided doses. 


Make bronchodilator, e.g., theophylline, or a B2-stimulant, available in advance with 
instructions for use. 

Anesthesia and Major Surgery: The necessity/desirability of withdrawing 

B-blockers prior to major surgery is controversial; the heart's impaired ability to 
respond to B-adrenergically mediated reflex stimuli may enhance the risk of excessive 
myocardial depression during general anesthesia. Difficulty in restarting and 
maintaining the heartbeat also has been reported with beta-blockers. If treatment is 
continued, take special care when using anesthetics that depress the myocardium; 
use lowest possible SECTRAL dose. SECTRAL, like other B-blockers, is a competitive 
inhibitor of B-receptor agonists, so its effects can be reversed by cautious 
administration of such agents (e.g., dobutamine or isoproterenol). Symptoms of 
excessive vagal tone (e.g., profound bradycardia, hypotension) may be corrected with 
atropine. 

Diabetes and Hypoglycemia: B-blockers may potentiate insulin-induced 
hypoglycemia and mask some symptoms such as tachycardia; dizziness and 
Sweating are usually not significantly affected. Warn diabetics of possible masked 
hypoglycemia. 

Thyrotoxicosis: D-adrenergic blockade may mask some clinical signs (tachycardia) 
of hyperthyroidism. Abrupt withdrawal of SECTRAL may precipitate a thyroid storm in 
patients suspected of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Renal or Hepatic Function: While there are no U.S. 
studies, foreign published experience shows that acebutolol has been used 
successfully in chronic renal insufficiency. Acebutolol is excreted via the G.I, tract, but 
the active metabolite, diacetolol, is eliminated mainly by the kidney. A linear 
relationship exists between renal clearance of diacetolol and creatinine clearance 
(Clor); reduce daily dose of acebutolol by 50% when Cle, is less than 50 mL/min and 
by 959; when it is less than 25 mL/min. Use cautiously in patients with impaired 
hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in 
U.S. clinical trials without specific dosage adjustment. However, in the elderly, lower 
maintenance doses may be required because bioavailability of SECTRAL and its 
metabolite are approximately doubled. 

Information for Patients: Warn patients, especially those with evidence of coronary 
artery disease, against interruption or discontinuation of SECTRAL without physician 
supervision. Although cardiac failure rarely occurs in properly selected patients, 
advise patients to consult a physician if signs or symptoms suggestive of impending 
CHF, or unexplained respiratory symptoms, develop. 

Warn patients of possible severe hypertensive reactions from concomitant use of 
a-adrenergic stimulants, e.g., nasal decongestants used in OTC cold medicines and 
nasal drops. 

Clinical Laboratory Findings: SECTRAL, like other B-blockers has been associated 
with development of antinuclear antibodies (ANA). In prospective clinical trials, 
patients receiving SECTRAL had a dose-dependent increase in the development of 
positive ANA titers. Symptoms related to this laboratory abnormality were infrequent. 
Symptoms and ANA titers were reversible upon discontinuation of SECTRAL. 





Drug Interactions: Catecholamine-depleting drugs may have additive effects when 
given with B-blockers. Observe patients treated with both agents closely for evidence 
of marked bradycardia or hypotension which may present as vertigo, syncope/ 
presyncope, or orthostatic changes in blood pressure without compensatory 
tachycardia. Exaggerated hypertensive responses have been reported from use of 
B-adrenergic antagonists with a-adrenergic stimulants, including those in OTC cold 
remedies and vasoconstrictive nasal drops. Nonsteroidal anti-inflammatory drugs may 
blunt antihypertensive effects of beta-blockers. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Chronic oral toxicity studies 
in rats and mice, at doses 15 times the maximum recommended (60 kg) human dose, 
did not indicate carcinogenic potential for SECTRAL. Diacetolol, the major metabolite 
in man, was without carcinogenic potential in rats at doses up to 1800 mg/kg/d. 
SECTRAL and diacetolol also had no mutagenic potential in the Ames Test. No 
Significant impact on reproductive performance or fertility was found in rats following 
SECTRAL or diacetolol doses of up to 240 or 1000 mg/kg/d, respectively. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: No teratogenic effects were 
seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 and 6.8 times the maximum recommended human 
dose. At this dose in the rabbit, slight fetal growth retardation was noted; this was 
considered to be a result of maternal toxicity (evidenced by reduced food intake, 
lowered rate of body weight gain, mortality). Diacetolol studies (doses up to 450 
mg/kg/d in rabbits and up to 1800 mg/kg/d in rats) showed no evidence of fetal harm 
other than a significant elevation in postimplantation loss with 450 mg/kg/d, a level at 
which food consumption and body weight gain were reduced in rabbit dams; there 
was à nonstatistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 
controlled trials in pregnant women; SECTRAL should be used during pregnancy only 
if potential benefit justifies risk to the fetus. 

Nonteratogenic Effects: Human studies indicate that acebutolol and diacetolol cross 
the placenta. Neonates of mothers who received acebutolol during pregnancy have 
reduced birth weight, decreased blood pressure, and decreased heart rate. 

Labor and Delivery: Effect on labor and delivery in pregnant women is unknown. 
Animal studies have shown no effect of SECTRAL on the usual course of labor and 
delivery. 

Nursing Mothers: Acebutolol and diacetolol appear in breast milk (milk: plasma ratio 
of 7.1 and 12.2, respectively). Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
tended to decrease as treatment duration increases. 

The incidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical trials in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL (N 21002) versus 
placebo (N=314), respectively. 

Cardiovascular: Chest pain 296, 1%; Edema 2%, 1%. CNS: Depression 296, 196; 
Dizziness 6%, 2%; Fatigue 11%, 4%; Headache 6%, 496; Insomnia 396, 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0%; 
Diarrhea 4%, 1%; Dyspepsia 4%, 1%; Flatulence 3%, 1%; Nausea 496, O96. 
Genitourinary: Micturition (frequency) 396, «196. Musculoskeletal: Arthralgia 296, 296; 
Myalgia 2%, 0%. Respiratory: Cough 1%, 0%; Dyspnea 4%, 296; Rhinitis 296, «196. 
Special Senses: Abnormal Vision 2%, 0%. 

The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. CNS: 
anxiety hyper/hypoesthesia, impotence. Skin: pruritus. Gastrointestinal: vomitting, 
abdominal pain. Genitourinary: dysuria, nocturia. Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT, SGPT, LDH). In some cases, 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms have been reported. In some cases, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited) based on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 
months on a constant dose.) 
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400 mg/day 800 mg/day 1200 mg/day 
Body System (N = 132) (N = 63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


Potential Adverse Effects: Certain adverse effects not listed above have been 
reported with other B-blocking agents and should be considered as potential adverse 
effects of SECTRAL. 

CNS: Reversible mental depression progressing to catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on neuro- 
psychometrics. 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). Allergic: 
Erythematous rash, fever with aching and sore throat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombocytopenic and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Miscellaneous: Reversible alopecia, Peyronie's disease. The oculomucocutaneous 
syndrome associated with practolol has not been reported with SECTRAL. 

Keep at room temperature, Approximately 25°C (77°F). 
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Estimation of Right Ventricular Pressure in 
Children by Thallium-201 Myocardial 
Imaging Using Single-Photon 
Emission Computed Tomography 


Tomoharu Akiba, MD, Masaru Yoshikawa, MD, Shinsuke Otaki, MD, Mitsuru Nakasato, MD, 
Hiroshi Suzuki, MD, Satoshi Sato, MD, and Tetsuo Sato, MD 


Thallium-201 myocardial imaging using single- 
photon emission computed tomography was per- 
formed to estimate right ventricular (RV) systolic 
pressure in 34 children (aged 4.1 to 16.1 years, 
mean 7.9 + 2.9). Acquisition of the images was 
performed using a semicircular arc of 180^. On a 
short-axis slice, a line drawn perpendicular to the 
ventricular septum so as to cross the RV free wall 
showing maximum uptake was defined as the re- 
gion of interest. Thallium-201 counts in regions of 
interest over both RV and left ventricular (LV) 
free walls were measured. The ratio of RV-to-LV 
peak thallium-201 counts was compared with RV 
peak systolic pressure and the ratio of RV-to-LV 
peak systolic pressure measured at cardiac cathe- 
terization. Both RV peak systolic pressure and the 
ratio of RV-to-LV peak systolic pressure correlat- 
ed well with the ratio of RV-to-LV peak thallium- 
201 counts (r = 0.95 and 0.96, respectively). The 
ratio of RV-to-LV peak thallium-201 counts 
70.45 could predict RV pressure overloading with 
a sensitivity of 92%, and a specificity of 88%. 
Thus, the quantitative analysis of thallium-201 
myocardial imaging using single-photon emission 
computed tomography permits the noninvasive 
and accurate estimation of RV systolic pressure in 
children. 

(Am J Cardiol 1992;69:673-676) 
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significant complicating feature of many forms 

of heart disease. The noninvasive quantification 
of RV systolic pressure would facilitate clinical decision 
making concerning medical and surgical managements. 
Thallium-201 myocardial imaging has been known to 
provide useful information for noninvasive assessment 
of RV pressure overloading.!? All current studies were 
performed using a planar imaging technique. Recently, 
thallium-201 myocardial imaging using single-photon 
emission computed tomography (SPECT) has been ex- 
tensively used in estimating myocardial perfusion, be- 
cause the contrast resolution of this procedure is superi- 
or to that of conventional planar imaging.^? However, 
to our knowledge, this procedure has not yet been used 
in the estimation of RV pressure. We studied the clini- 
cal usefulness of thallium-201 SPECT myocardial im- 
aging in estimating RV pressure in children. The goals 
of the present study were to develop a quantitative pre- 
dictor of RV systolic pressure with this procedure, and 
to determine its accuracy and clinical implications in 
comparison with those of hemodynamic data. 


Rss ventricular (RV) pressure overloading is a 


METHODS 

Study patients: Thirty-four patients (18 boys and 16 
girls, age range 4.1 to 16.1 years, mean 7.9 + 2.9) who 
underwent thallium-201 SPECT myocardial imaging 
and cardiac catheterization were studied. These 2 pro- 
cedures were performed within 72 hours. Diagnoses 
were pulmonary stenosis in 13 patients, pulmonary atre- 
sia with ventricular septal defect in 6, Kawasaki disease 
without coronary lesions in 6, primary pulmonary hy- 
pertension in 5, mitral regurgitation in 3, and patent 
ductus arteriosus in 1. 

Single-photon emission computed tomographic 
study: Subjects were studied in a resting, nonsedated 
state. They were placed in a supine position on the im- 
aging table and fixed with a body band to minimize 
patient motion. The SPECT study was performed using 
a single-head rotating gamma camera (Siemens ZLC- 
7500 Digitrac, Siemens Medical Systems, Inc., Iselin, 
NJ) equipped with a parallel-hole, high-resolution colli- 
mator interfaced to a nuclear medicine computer sys- 
tem (Shimadzu Scintipac-700, Shimadzu Corp., Kyoto, 
Japan). Acquisition of the projection images was begun 
approximately 5 minutes after rapid intravenous injec- 
tion of 1.0 to 1.5 mCi of thallium-201 chloride. A semi- 
circular arc of 180° was used, spanning from the 30° 
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right anterior oblique to the 60? left posterior oblique 
projection. Images were magnified 1.5X by the gamma 
camera and stored as 64 X 64 matrices on the acquisi- 
tion computer for 30 to 40 seconds at 5.5? intervals, 
producing a total imaging time of 16 to 20 minutes. 
Each image was processed by means of a back projec- 
tion algorithm with a Shepp-Logan's and a low-resolu- 
tion Butterworth filter before reconstruction. Tomo- 
graphic slices of 4 mm thickness were reconstructed 
parallel to the short axis of the left ventricle and dis- 
played on a color display. Neither attenuation nor scat- 
ter correction was applied. 

An analysis was performed by 1 experienced nuclear 
medical technician without knowledge of both clinical 
diagnosis and hemodynamic findings. The image that 
demonstrated the interrelations of the RV free wall, 
ventricular septum and left ventricular (LV) free wall 
most clearly was selected for analysis. The region of in- 
terest was defined as a cross-sectional line drawn per- 
pendicular to the ventricular septum. The line was lo- 
cated so as to cross the RV free wall showing maximum 
uptake visually. Thallium-201 counts of regions of inter- 
est over the RV and LV free walls were obtained by 
computer analysis. A ratio of RV-to-LV peak thallium- 
201 counts was then calculated (Figure 1). 

Hemodynamic study: Hemodynamic data were ob- 
tained at cardiac catheterization using standard tech- 
niques. All patients were sedated with meperidine hy- 
drochloride (1.5 mg/kg), promethazine hydrochloride 
(0.5 mg/kg) and chlorpromazine (0.3 mg/kg), and giv- 
en intramuscular injection approximately 30 minutes to 
| hour before the procedure. Each patient was receiving 
room air. Pressures were measured with a fluid-filled 
catheter system, and 0 reference point was placed at the 
midchest level. With this procedure, RV and LV peak 
systolic pressures were measured simultaneously. A ra- 
tio of RV-to-LV peak systolic pressure was then calcu- 
lated. 

Statistical analysis: Data were expressed as mean 
values + 1 standard deviation. The ratio of RV-to-LV 
peak thallium-201 counts was compared with both RV 
peak systolic pressure and the ratio of RV-to-LV peak 
systolic pressure, using linear regression analysis. 





FIGURE 1. Left, short-axis view of thallium-201 single-pho- 
ton emission computed tomographic myocardial image and lo- 
cation of line for measuring thallium-201 counts of right and 
left ventricular free walls (horizontal line). Right, radionuclide 
activity curve over line. LV = left ventricle; RV = right ventri- 
cle; VS - ventricular septum. 
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RESULTS 

Significant thallium-201 counts of the RV free wall 
were recorded in all subjects. No technical failure due 
to patient motion occurred. Figure 2 shows a represen- 
tative example of a SPECT myocardial image from a 
patient with RV pressure overloading. 

RV peak systolic pressure measured at cardiac cath- 
eterization ranged from 26 to 177 mm Hg (mean 68 + 
39), and the ratio of RV-to-LV peak systolic pressure 
ranged from 0.25 to 1.29 (mean 0.63 + 0.32). The ratio 
of RV-to-LV peak thallium-201 counts ranged from 
0.25 to 1.29 (mean 0.65 + 0.26). 

There was a close correlation between RV peak sys- 
tolic pressure and the ratio of RV-to-LV peak thallium- 
201 counts (r = 0.95; SEE 9 mm Hg): Y = —25 + 142 
X, where Y = RV peak systolic pressure, and X = the 
ratio of RV-to-LV peak thallium-201 counts (Figure 3). 
The correlation between the ratios of RV-to-LV peak 
systolic pressure and RV-to-LV peak thallium-201 
counts was also excellent (r= 0.96, SEE 0.06): 
Y = —0.14 + 1.17 X, where Y = the ratio of RV-to-LV 
peak systolic pressure, and X = the ratio of RV-to-LV 
peak thallium-201 counts (Figure 4). 

Patients with RV peak systolic pressure 235 mm 
Hg were considered to have RV pressure overloading. 
Seven of 8 subjects with normal RV peak systolic pres- 
sure had a ratio of RV-to-LV peak thallium-201 counts 
«0.45. This ratio could be regarded as a cutoff value for 
separating patients with from those without RV pres- 
sure overloading. Of 26 patients with RV pressure over- 
loading, 24 had a ratio of RV-to-LV peak thallium-201 
counts 20.45. Thus, the sensitivity and specificity for 
our technique in the detection of RV pressure overload- 
ing were 92 and 88%, respectively. 


DISCUSSION 

Increased afterload of the right ventricle needs 
greater RV work and results in RV hypertrophy, which 
leads to increased coronary perfusion of the right ventri- 
cle. It has been shown experimentally that myocardial 
uptake of thallium-201 reflects RV perfusion and mass, 
and increased thallium-201 RV counts were observed in 





FIGURE 2. Example of short-axis view of thallium-201 single- 
photon emission computed tomographic myocardial image 
(left) and radionuclide activity curve (right) from 7-year-old 
boy with pulmonary stenosis. In this case, ratio of right-to-left 
ventricular peak thallium-201 counts was 0.95, and right ven- 
tricular peak systolic pressure and ratio of right-to-left ven- 
tricular peak systolic pressure were 109 mm Hg and 0.96, re- 
spectively. Abbreviations as in Figure 1. 
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proportion to the degree of RV hypertrophy and pulmo- 
nary arterial hypertension.’ These results suggest that 
myocardial imaging with thallium-201 could be a clini- 
cally promising method for the estimation of RV pres- 
sure overloading. 

In previous scintigraphic studies,'~? only planar myo- 
cardial imaging with thallium-201 was used for assess- 
ing RV pressure overloading. Although the diagnostic 
value of planar imaging has been well-recognized, it suf- 
fers from limited sensitivity, because of the superimposi- 
tion of the activity of the adjacent or opposing myocar- 
dial wall, as well as contiguous or nearby nonmyocar- 
dial structures such as the lungs, liver and skeletal 
muscles. This may sometimes cause difficulty in obtain- 


FIGURE 3. Correlation between right ven- 
tricular (RV) peak systolic pressure and 
ratio of right-to-left ventricular (RV/LV) 
peak thallium-201 counts. 


RV peak systolic pressure (mmHg) 


ing clear contrast resolution of small heart structures in 
children. Thallium-201 SPECT myocardial imaging 
can provide more clear images of myocardial walls than 
can planar imaging.*© The increased contrast resolution 
of this procedure is probably related to both the com- 
plete 3-dimensional reconstruction of radionuclide dis- 
tribution (which decreases the likelihood of superimpo- 
sition of the objective wall with other structures) and 
the significant decrease of background activity. In the 
present study, the SPECT procedure was first chosen to 
estimate RV pressure. The free wall of the right ventri- 
cle is not usually visible at rest in normal children, using 
the conventional planar technique. In contrast, the RV 
free wall could be visualized in the stable condition us- 
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FIGURE 4. Correlation between ratio of 
right-to-left ventricular (RV/LV) peak sys- 
tolic pressure and ratio of right-to-left 
ventricular peak thallium-201 counts. 
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ing the SPECT procedure in all our subjects irrespective 
of RV peak systolic pressure. This may prove that the 
contrast resolution of this procedure is superior to that 
of the planar imaging technique. 

Although a variety of methods!-? have been used to 
quantify RV wall uptake of thallium-201, the optimal 
one has not yet been established. Nakajima et al? com- 
pared 6 methods based on location of regions of interest, 
use of total or mean count density, and the method 
based on region of interest or the profile method. They 
concluded that the mean count method using regions of 
interest of the entire RV and LV walls was appropriate 
for estimating RV pressure. In the present study we 
adopted only a simple processing method in which a sin- 
gle line was drawn over the ventricular walls. The level 
of the line was standardized by locating it so as to be 
perpendicular to the ventricular septum and to cross the 
RV wall showing maximum uptake. Since the RV wall 
was visible in all subjects, there was no difficulty in de- 
ciding the position of the line. Among the methods re- 
ported by Nakajima et al,’ the profile one is comparable 
to our approach. Correlation coefficients resulting from 
their method between the ratio of RV-to-LV peak thal- 
lium-201 uptake and both RV peak systolic pressure 
and the ratio of RV-to-LV peak systolic pressure were 
0.62 and 0.60, respectively? whereas those obtained 
with our approach were 0.95 and 0.96, respectively. We 
believe that these differences are related to 72 factors. 
First, the contrast resolution of SPECT myocardial im- 
aging is superior to that of the planar imaging tech- 
nique. Second, it is easier to standardize the location of 
the cross-sectional bar on the clear SPECT image than 
it is with the planar image. 

The present study has several limitations. First, the 
scintigraphic and hemodynamic studies were not per- 
formed simultaneously. Furthermore, the scintigraphic 
study was performed without any sedation, whereas the 
hemodynamic one was performed with sedation. Al- 
though the pressure of both ventricles could be reduced 
somewhat in the sedative state, the correlations ob- 
tained with our study were excellent. Second, there are 
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several possible approaches for quantifying thallium- 
201 uptake of the RV free wall.? The comparison study 
of various approaches may be necessary to determine 
the optimal one, although our approach produced satis- 
factory results. Finally, scintigraphy may give some ra- 
diation dose to children, even though no known toxicity 
is associated with the administration of a standard dose 
of thallium-201. Doppler echocardiography has been 
found to be of value for the noninvasive and quantita- 
tive evaluation of RV systolic pressure.5? Thus, when 
only pressure data are judged necessary, this alternative 
procedure would be preferable, at least from the point 
of view of radiation risk. The scintigraphic evaluation of 
RV pressure may be advisable to be performed in com- 
bination with the estimation of myocardial perfusion. 
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INDICATIONS AND USAGE 


VASCOR is indicated for the treatment of chronic 
stable angina (classic effort-associated angina). 


Because VASCOR has caused serious ventricular 
arrhythmias, including torsades de pointes-type 
ventricular tachycardia, and the occurrence of 
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Another in à series of case reports 


VASCOR (bepridil HCl) 


James P., 58-year-old building painter" 


work because of limiting angina 
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PRESENTING SYMPTOM: Could not continue to 
Suboptimal response to à regimen of atenolol, diltiazem, 


HISTORY: 
and isosorbide dinitrate; remains uncontrolled despite 
angioplasty 
EXERCISE TOLERANCE Total exercise time: 5 min, 1 sec 
TEST: Time to 1-mm ST depression: 3 min, 12 sec 
Time to onset of angina: 2 min, 52 sec 


LABORATORY FINDINGS: Serum potassium: 4.3 mEq/L 
ECG: Nonspecific ST abnormality 


QTc interval: 406 msec 


VASCOR 200 mg QD initiated, 


CLINICAL COURSE: 
resulting in some improvement after 2 weeks; 
j 300 mg QD, resulting 
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VASCOR" 


(bepridil hydrochloride) 
Tablets For Oral Administration 


INDICATIONS AND USAGE 

Chronic Stable Angina (Classic Effort-Associated Angina) 

VASCOR (bepridil hydrochloride) is indicated for the treatment of chronic stable angina (classic 
effort-associated angina). Because VASCOR has caused serious ventricular arrhythmias, 
including torsades de pointes type ventricular Morel and the occurrence of cases of 
agranulocytosis associated with its use (see WARNINGS), it should be reserved for patients who 
have failed to respond optimally to, or are intolerant of, other anti-anginal medication. 
VASCOR may be used alone or in combination with beta blockers and/or nitrates. Controlled 
clinical studies have vehi an added effect when VASCOR is administered to patients already 
receiving i 


CONTRAINDICATIONS 

VASCOR (bepridil hydrochloride) is contraindicated in patients with a known sensitivity to bepridil 
hydrochloride. 

VASCOR is contraindicated in (1) patients with a history of serious ventricular arrhythmias (see 
WARNINGS-Induction of New Serious Arrhythmias), (2) patients with sick sinus syndrome or 
patients with second- or third-degree AV block, a in the presence of a functioning ventricular 
pacemaker, (3) patients with hypotension (less than 90 mm eno (4) patients with 
uncompensated cardiac insufficiency, (5) patients with congenital QT interval Ae ay (see 
WARNINGS), and (6) patients taking other drugs that prolong QT interval (see PRECAUTIONS- 
Drug Interactions). 


WARNINGS 


Induction of New Serious Arrhythmias 
VASCOR (bepridil hydrochloride) has Class 1 Me TITO Mor and, like other such 
e a can induce new arrhythmias, including VT/VF. In addition, because of its ability to 
d. ngthe QT interval, VASCOR can cause torsades de pointes type ventricular tachycardia. 
ecause of these properties VASCOR should be reserved for patients in whom other anti- 

anginal agents do not offer a satisfactory effect. 

In US clinical trials, the QT and QTcintervals were commonly prolonged by VASCOR in a dose- 
related fashion. While the mean prolongation of QTc was 8% and of QT was 10%, QTc 
increases of 25% or more were nct uncommon, 5%; 8.796 QT. Increased QT and QTc may be 
associated with torsades de pointes type VT, which was seen atleast briefly, in about 1.096 of 
patients in US trials; in many cases, however, patients with marked prolongation of QTc were 
taken off VASCOR therapy. All of tne US patients with torsades de pointes had a prolonged QT 
interval and relatively low serum potassium. French marketing experience has reported over 
one hundred verified cases of torsades de pointes. While this number based on total use, 
represents arate of only 0.01%, the true rate is undoubtedly much higher, as spontaneous 
reporting systems all suffer from substantial under reporting. 

Torsades de pointes is a pomo ic ventricular tachycardia often but not always associated 
with a prolonged QT interval, andoften drug induced. The relation between the degree of QT 


olongation and the development of torsades de pointes is not linear and the likelihood of 

torsades appears to be increased by hypokalemia, use of potassium wasting diuretics, and the 

presence of antecedent rsh ben While the safe upper limit of QT is not defined, it is 
t 


suggested that the interval not bepermitted to exceed 0.52 seconds during treatment. If dose 
reduction does not eliminate the excessive prolongation, VASCOR should be stopped. 
Because most domestic and foreign cases of torsades have developed in patients with 
hypokalemia, usually related to diuretic use or significant liver disease, if concomitant diuretics 
are needed, low doses and addition or primary use of a potassium sparing diuretic should be 
considered and serum potassium should be monitored. 
VASCOR has been associated with the usual range of pro-arrhythmic effects characteristic of 
Class 1 anti-arrhythmics (increased premature ventricular contraction rates, new sustained VT, 
and VT/VF thatis more difficult than previously to convert to sinus rhythm). Use in patients with 
severe arrhythmias (who are most susceptible to certain pro-arrhythmic effects) has been 
limited, so that risk in these patients is not defined. 
In the National Heart, Lung and Blood Institute’s Cardiac Arrhythmia Suppression Trial (CAST), 
along-term, multi-centered, randomized, double-blind study in patients with asymptomatic 
nonlife-threatening ventricular arrhythmias who had myocardial infarctions more than six days 
| butless than two years previously, an excess mortality/non-fatal cardiac arrest rate was seen 
in patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to matched placebo-treated groups (22/725). The applicability of these results to 
other populations (e.g., those without recent myocardial infarction) orto other anti-arrhythmic 
is uncertain, but at presentit is prudentto consider any drug documented to provoke new 
serious arrhythmias or worsening of preexisting arrhythmias as having a similar risk and to 
avoid their use in the post-infarction period. 


Agranulocytosis: In US clinical trials of over 800 patients treated with VASCOR for up to five 
years, two cases of marked leukopenia and neutropenia were reported. Both patients were 
diabetic and elderly. One died with overwhelming gram-negative sepsis, itself a possible cause 
of marked leukopenia. The other patient recovered rapidly when VASCOR was stopped. 
Heart Failure: Congestive heart failure has been observed infrequently (about 1%) 
during US controlled clinical trials, but experience with the use of VASCOR in patients with 
significantly impaired ventricular function is limited. There is little information on the effect of 
concomitant administration of VASCOR and digoxin; therefore, caution should be exercised in 
treating patients with congestive heart failure. 
Hepatic Enzyme Elevation: In US clinical studies with VASCOR in about 1000 patients and 
subjects, clinically significant (at least 2 times the upper limit of normal) transaminase elevations 
were observed in approximately 1% of the patients. None of these patients became clinically 
symptomatic or jaundiced and values returned to normal when the drug was stopped. 
Hypokalemia: Inclinicaltrials VASCOR has notbeen reported to reduce serum potassium levels. 
Because hypokalemia has been associated with ventricular arrhythmias, potassium insufficiency 
should be corrected before VASCOR therapy is initiated and normal potassium concentrations 
— be maintained during VASCOR therapy. Serum potassium should be monitored periodi- 





PRECAUTIONS 

General 

Caution should be exercised when using VASCOR (bepridil hydrochloride) in patients with left 
bundle branch block or sinus bradycardia (less than 50 bpm) Care should also be exercised 
in patients with serious hepatic orrenal disorders because such patients have not been studied 
and bepridil is highly me ized, with metabolites excreted primarily in the urine. 

Recent Myocardial Infarction 

In US clinical trials with VASCOR, patients with myocardial infarctions within three months prior 
toinitiation of drug treatment were excluded. The initiation of VASCOR therapy in such patients, 
therefore, cannot be recommended. 

Information for Patients 

Since QT prolongation is not associated with defined symptomatology, patients should be 
instructed on the importance of maintaining any potassium supplementation or Toa sparing 
diuretic, and the need for routine electrocardiograms and periodic monitoring of serum potassium. 
The following Patient Information is printed on the carton label of each unit of use bottle of 30 


As with any medication that you take, you should notify your ndi icr of any changes in your 
overall condition. Insure that you follow your physician's instructions regarding OR its. 
Please no d posone treats you for a medical condition thatyou are taking VASCOR® 
(bepridil hydrochloride), as well as any other medications. 


Drug Interactions “+ 
Nitrates: The concomitant use of VASCOR with long- and short-acting nitrates has been safely 
tolerated in patients with stable angina pectoris. Sublingual nitroglycerin may be taken if 
necessary for the control of acute angina attacks during VASCOR therapy. 
Beta-blocking Agents: The concomitant use of VASCOR and beta-blocking agents has been 
well tolerated in patients with stable angina. Available data are not sufficient, however, to predict 
the effects of concomitant medication on patients with impaired ventricular function or cardiac 
conduction abnormalities (see DOSAGE AND ADMINISTRATION). 
Digoxin: In controlled studies in healthy volunteers, bepridil hydrochloride either had no effect 
(one study) or was associated with m tincreases, about 30% (two pron in steady-state 
serum digoxin concentrations. Limited clinical data in angina patients receiving concomitant 
bepridil hydrochloride and nea therapy indicate no discernible changes in serum digoxin 
levels. Available data are neither sufficient to rule out possible increases in serum digoxin with 
concomitant treatment in some patients, nor other pane interactions, particularly in patients 
with cardiac conduction abnormalities (also see WARNINGS-Congestive Heart Failure). 
Oral Hypoglycemics: VASCOR has been safely used in diabetic patients without significantly 
lowering their blood glucose levels or altering their need for insulin or oral hypoglycemic agents. 
—: AM Certain e couldincrease the tere cn potentially serious adverse 
effects with bepridil hydrochloride. In general, these are drugs oneor more pharmacologic 
activities similar to bepridil hydrochloride, including anti-arrhythmic agents such as quinidine and 
procainamide, cardiac glycosides and tricyclic anti-depressants. Anti-arrhythmics and tricyclic 
anti-depressants could exaggerate the prolongation of the QT interval observed with bepridil 
yea loride. Cardiac glycosides could exaggerate the depression of AV nodal conduction 
observed with bepridilhydrochloride. 
Carcinogenesis, Mutagenesis, Impairment of Fertility 
No evidence of carcinogenicity was revealed in one litetime study in mice at dosages up to 60 
times (for a 60 kg meri the maximum recommended dosage in man. Unilateral follicular 
adenomas ofthe thyroid were observed in a study in rats following lifetime administration of m 
doses of bepridil hydrochloride, i.e., 2 100 mg/kg/day (20 times the usual recommended dose in 
man). No mutagenic or other pence poe of bepridil hydrochloride was found in the 
following standard laboratory tests: the Micronucleus Test for Chromosomal Effects, the Liver 
Microsome Activated Bacterial Assay for Mutagenicity, the Chinese Hamster Ovary Cell Assay 
for Mutagenicity, and the Sister Chromatid Exchange Assay. No intrinsic effect on fertility by 
bepridil hydrochloride was demonstrated in rats. 
In monkeys, at 200 mg/kg/day, there was a decrease in testicular weight and spermat esis. 
There were no systematic studies in man related to this point. In rats, at doses up to 300 mg/kg/ 
day, there was no observed alteration of mating behavior nor of reproductive performance. 
Usage in Pregnancy 
Pregnancy Category C. Reproductive studies (fertility and peri-postnatal) have been conducted 
inrats. Reduced itter size at birth and decreased pup suni during lactation were observed at 
oe hay dosages 37 times (on a mg/kg basis) the maximum daily recommended therapeutic 
ge. 
In teratology studies, no effects were observed in rats or rabbits at these same dosages. 
There are no well-controlled studies in nant women. Use VASCOR in pregnant or nursing 
women only if the potential benefit justifies the potential risk. 
Nursing Mothers 
Bepridil is excreted in human milk. Bepridil concentration in human milk is estimated to reach 
about one third the concentration in serum. Because of the potential for serious adverse reactions 
in nursing infants from VASCOR a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 
Pediatric Use 
The safety and effectiveness of VASCOR in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions were assessed in 529 patients who received VASCOR pum il hydrochloride) 
in controlled trials of 4-12 weeks duration and longer-term uncontrolled studies. The most 
common side effects occurring more frequently than in control groups were upper gastrointestinal 
complaints (nausea, dyspepsia or GI distress) in about 22%, diarrhea in about 8%, dizziness in 
about 15%, asthenia in about 10% and nervousness in about 7%. The adverse reactions seen 
in atleast 2% of bepridil patients in controlled trials are shown in the following list. 

Body as a Whole: Asthenia, Headache, Flu Syndrome Cardiovascular/Respiratory: Palpita- 
tions, Dyspnea, Respiratory Infection Gastrointestinal: Dyspepsia, G.I. Distress, Nausea, Dry 
Mouth, Anorexia, Diarrhea, Abdominal Pain, Constipation Central Nervous System: Drowsy, 
Insomnia, Dizziness, Tremor, Tremor of Hand, Paresthesia Psychiatric: Nervous Special 
Senses: Tinnitus. 

About 15% of patients however, left bepridil treatment because of adverse ex 
controlled clinical trials, these were principally gastrointestinal (1.0%), dizziness (1. 
lar arrhythmias (1.0%) and syncope (0.6%). 

Across all controlled and uncontrolled trials, VASCOR was evaluated in over 800 patients with 
chronic angina. In addition to the adverse reactions noted above, the following were observed in 
0.5 to 2.0% of the VASCOR patients or are rarer, but potentially important events seen in clinical 
studies or reported in post marketing experience. In most cases It is not possible to determine 
whether there is a causal relationship to bepridil treatment. 

Body asa Whole: Fever, pain, myalgic asthenia, superinfection, flu syndrome. Cardiovascular/ 
Respiratory: Sinus tachycardia, sinus bradycardia, hypertension vasodilation, edema, ventricular 
premature contractions, icular tachycardia, prolonged QT interval, rhinitis, cough, pharyngitis. 
Gastrointestinal: Flatulence, gastritis, appetite increase, dry mouth, constipation. Musculo- 
skeletal: Arthritis. Central Nervous System: Fainting, vertigo, akathisia, drowsiness, insomnia, 
tremor. Psychiatric: Depression, anxiousness, adverse vior effect. Skin: Rash, sweating, 
skin irritation. Special Senses: Blurred vision, tinnitus, taste change. Urogenital: Loss of libido, 
impotence. Abnormal Lab Values: Abnormal liver function test, SGPT increase. 

Certain cardiovascular events, such as acute myocardial infarction (about 3% of ATA) 
worsened heart failure (1.9%), worsened angina (4.5%), severe arrhythmia (about 2.496 VT/V 
and sudden death (1.6%) have occurred in patients receiving bepridil, but have not been included 
as adverse events use they appear to be, and cannotbe distinguished from, manifestations 
of the patient's underlying cardiac disease. Such events as torsades de pointes arrhythmias, 
prolonged QT/QTc, bradycardia, first degree heart block, which are probably related to bepridil, 
are included in the tables. 


OVERDOSAGE 

In the event of overdosage, we recommend close observation in a cardiac care facility for a 
minimum of 48 hours and use of appropriate supportive measures in addition to gastric lavage. 
Beta-adrenergic stimulation or parenteral administration of calcium solutions may increase 
transmembrane calcium ion influx. Clinically significant tensive reactions or high-degree AV 
block should be treated with vasopressor agents or cardiac pacing, — Ventricular 
tachycardia should be handled by cardioversion and, if persistent, by overdrive p a has 
been one experience with overdosage in which a patient inadvertently took a single of 1600 
mgof VASCOR (bepridil hydrochloride). The patient was observed for 72 hours in intensive care, 
but no significant adverse experiences were noted. 
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For Magnesium 
Deficiency 


MAG-OX 400 


Magnesium Oxide U.S.P. 400mg. Tablets 
(241.3 mg. Elemental Magnesium-19.86 mEq.) 







or 


URO-MAG 


Magnesium Oxide U.S.P. 140mg. Capsules 
(84.5 mg. Elemental Magnesium-6.93 mEq.) 






INDICATIONS: 
HYPOMAGNESEMIA, MAGNESIUM DEFICIENCIES 
and/or MAGNESIUM DEPLETION resulting from 


diuretic and/or digitalis therapy', alcoholism?, 
Cisplatin’, Amphotericin B4, Cyclosporin’, perenteral 
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MISCELLANEOUS 


Effect of Detraining on the Cardiopulmonary 
Reflex in Professional Runners and 





Hammer Throwers 


Cristina Giannattasio, MD, Gino Seravalle, MD, Bianca M. Cattaneo, MD, Cesare Cuspidi, MD, 
Lorena Sampieri, MD, Gianni B. Bolla, MD, Guido Grassi, MD, and Giuseppe Mancia, MD 


In professional athletes with marked cardiac hy- 


pertrophy, reflex influences originating from car- 
diopulmonary receptors are impaired. To deter- 
mine whether the reflex is restored after termina- 
tion of physical training and regression of cardiac 
hypertrophy 8 former athletes (age 31 + 6 years, 
mean + SD) who stopped agonistic activity for 5 + 
1 years were compared with 15 sedentary sub- 
jects (27 + 7 years) and 19 active professional 
athletes (22 + 7 years). Cardiopulmonary receptor 
stimulation and deactivation were obtained by in- 
creasing and reducing left ventricular end-diastol- 
ic diameter (echocardiography) through leg raising 
and nonhypotensive lower body negative pressure, 
respectively. Left ventricular mass index (echocar- 
diography) was markedly and significantly (p 
<0.01) greater in athletes (135 + 6 g/m?) than in 
former athletes (105 + 4 g/m?) whose value was 
similar to that of sedentary subjects (98 + 4 
g/m?). The reduction in forearm vascular resis- 
tance and plasma norepinephrine induced by in- 
creasing left ventricular end-diastolic diameter 
was 24 and 23% less in athletes than in former 
athletes whose responses were similar to those of 
sedentary subjects. This was the case also for the 
responses induced by reducing left ventricular 
end-diastolic diameter. In contrast, the hemody- 
namic responses to cold pressor test were similar 
in the 3 groups. It is concluded that the impair- 
ment of the cardiopulmonary reflex observed in 
athletes is largely reversible when physical train- 
ing is terminated. This may be due to regression 
of left ventricular hypertrophy. 

(Am J Cardiol 1992;69:677-680) 
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e! have previously shown that the marked 
W cardiac hypertrophy that can be seen in pro- 
fessional athletes is associated with an impair- 
ment of the reflex influences originating from cardio- 
pulmonary receptors.” The degree of the impairment is 
similar to that observed in hypertensive subjects with 
cardiac hypertrophy.?-? This suggests that the structural 
modifications of the heart that are produced by intense 
physical training may have adverse consequences on 
some cardiac functions, thus representing a pathologic 
rather than a physiologic phenomenon. 

Whether the impaired cardiopulmonary reflex char- 
acterizing professional athletes improves after termi- 
nation of physical training and regression of cardiac 
hypertrophy is unknown, leaving a question with clear 
implications for sport physiology and pathophysiology 
unanswered. We have addressed this issue by studying 
the cardiopulmonary reflex in subjects who had stopped 
professional athletic activity 4 years before. The results 
were compared with those of age-matched sedentary 
subjects and active professional athletes. 


METHODS 

Our study included 42 subjects whose ages ranged 
from 18 to 49 years. All subjects had a sitting blood 
pressure «140/90 mm Hg at 4 measurements per- 
formed on 2 different visits. No subject was affected by 
cardiovascular or other major disease and none were 
taking drugs of any kind at the time of the study. Eight 
subjects (6 men, 2 women) were professional hammer 
throwers (n = 6) or sprinters (n = 2) who had terminat- 
ed their agonistic activity and training for 5 + 1 years 
(mean + SEM). Fifteen subjects (11 men, 4 women) 
were sedentary control subjects, whereas the remaining 
19 subjects (15 men, 4 women; 10 hammer throwers, 9 
sprinters) were active professional athletes. The age 
(mean + SD) of the 3 groups were 31 + 6, 27 + 7 and 
22 + 7 years, respectively. All subjects gave their in- 
formed consent to participate in the study. The protocol 
of the study was approved by the ethical committee of 
our institution. 

Hemodynamic, humoral and echocardiographic 
measurements: Arterial blood pressure was measured 
by a digital photoplethysmographic device? capable of 
providing accurate beat-to-beat systolic and diastolic 
values.’ Heart rate was measured by a cardiotach- 
ometer triggered by the R wave of an electrocardio- 
graphic lead. Forearm blood flow was measured by 
venous occlusion plethysmography (model Ec4, Hokan- 
son, Issaquah, Washington),? using a mercury-in-Silas- 
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tic strain-gauge plethysmograph applied around the 
forearm contralateral to the arm used for blood pressure 
measurement. The strain gauge was placed 4 to 5 cm 
below the antecubital crease and the measurement was 
obtained at constant room temperature (23 to 24?C), 
keeping circulation to the hand arrested by application 
of a suprasystolic pressure in a cuff encircling the wrist. 
Forearm vascular resistance was calculated from the 
ratio between mean arterial pressure (diastolic blood 
pressure plus one-third of pulse pressure) and forearm 
blood flow. Plasma norepinephrine concentration was 
measured by high-pressure liquid chromatography? us- 
ing blood samples (5 ml) withdrawn from an antecu- 
bital vein of the arm from which blood pressure was 
monitored. The samples were collected in glutathione 
tubes pretreated with ethylenediaminetetraacetic acid 
and kept at —70°C until assayed. In all subjects left 
ventricular diameters were measured by monodimen- 
sional echocardiography, using bidimensional Doppler 
echocardiography to perform the measurements from 
the septal to the posterior wall leading edge. The mea- 
surements were made at the peak of the R wave of the 
electrocardiogram and were accompanied by measure- 
ments of septal and left posterior wall thickness. Left 
ventricular mass index was calculated according to the 
Penn convention formula.! Calculations included (1) 
left ventricular ejection fraction, and (2) early and 
late diastolic transmitral peak flow velocity measured 
by Doppler echocardiography.!! In our laboratory the 


(n- 19) 
EZA Former Athletes (n= 8) 


Means * SEM 
* p<0.05 
«x p<0.01 


Ed Athletes 


C] Sedentary (n=15) 
FIGURE 1. Baseline mean arterial pressure (MAP), heart rate 
(HR), forearm blood flow (FBF), forearm vascular resistance 
(FVR), plasma norepinephrine (NE), left ventricular end-dia- 
stolic diameter (LVEDD), left ventricular mass index (LVMI), 
ejection fraction (EF), early and atrial transmitral flow velocity 
by echo Doppler (E/A) in 19 active athletes, 11 former ath- 
letes and 15 sedentary subjects. Data are shown as means 

+ SEM, *p «0.05; **p «0.01. 


within-subject reproducibility of left ventricular mass 
measurement is 4% and that of transmitral flow velocity 
measurements 6%. 

Deactivation and stimulation of cardiopulmonary 
receptors: Deactivation of cardiopulmonary receptors 
was obtained by reducing venous return through appli- 
cation of negative pressure within a Plexiglas device 
sealed at the level of the anterosuperior iliac crests.!? 
The stimulus was maintained for 5 minutes and the 
negative pressure was kept around 15 mm Hg to avoid a 
reduction in blood pressure and an increase in heart rate 
that could engage the arterial baroreflex.!^!? Cardio- 
pulmonary receptor stimulation was obtained by in- 
creasing venous return through passive elevation of the 
legs and the lower part of the pelvis.!?!^ The elevation 
was limited to 60? to prevent an excessive increase in 
venous return that could increase blood pressure and in- 
volve the arterial baroreflex.!? Also, this stimulus was 
maintained for 5 minutes. In all subjects lower body 
negative pressure was applied for 5 minutes also at 
—37.5 mm Hg to cause a reduction in blood pressure, 
deactivate cardiopulmonary and arterial baroreceptors 
and thus assess the reflex effects of a stimulus involving 
both reflexogenic areas.!?.? 

Cardiopulmonary receptor stimuli were assessed 
from the changes in left ventricular end-diastolic di- 
ameter induced by leg raising and lower body negative 
pressure.!?-1^ The reflex responses were assessed from 
changes in forearm vascular resistance and plasma nor- 
epinephrine.!^ 

Cold pressor test: In all subjects the blood pressure, 
heart rate and forearm vascular resistance responses to 
cold were evaluated before and in the last 10 seconds of 
|-minute immersion of a hand in iced water (49 C). This 
was done to determine the hemodynamic responsiveness 
to a neurogenic stimulus unrelated to the one originat- 
ing from cardiopulmonary receptors. !° 

Protocol and data analysis: One to 5 days before the 
study the subjects were brought to the laboratory to fa- 
miliarize themselves with the various maneuvers that 
had to be performed. The study proper was conducted 
in the afternoon. In each group half of the subjects un- 
derwent the following maneuvers: (1) The subjects were 
put in the supine position and fitted with the lower body 
negative pressure device. (2) The cannula for the blood 
samples was positioned in an antecubital vein and the 
echocardiographic, blood pressure and blood flow mea- 
suring devices were set ready. (3) After an interval of 
20 minutes, the lower body negative pressure at —15 
mm Hg was applied, followed (after an additional 15- 


minute interval) by the lower body negative pressure at - 


—37.5 mm Hg. (4) The lower body negative pressure 
device was removed, and 20 minutes later the leg rais- 
ing maneuver was performed. (5) After 20 more min- 
utes, the cold pressor test was performed. In the remain- 
ing subjects the sequence was the same except that the 
leg raising preceded the 2 lower body negative pressure 
maneuvers. Blood pressure, heart rate, left ventricular 
end-diastolic diameter, forearm blood flow and vascular 
resistances were measured | minute before and during 
the fifth minute of each stimulus. Each blood pressure 
and heart rate value was the average of the measure- 
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ments obtained within a 30-second period, whereas each 
left ventricular end-diastolic diameter was the average 
of 2 consecutive measurements. Each forearm blood 
flow value was derived from the average of 5 consecu- 
tive measurements. All values were calculated by an in- 
vestigator unaware of the experimental design. Blood 
samples for plasma norepinephrine measurements were 
withdrawn 1 minute before and during the fifth minute 
of the lower body negative pressure and the leg-rais- 
ing stimuli, and simultaneously with the hemodynamic 
measurements. The withdrawal time was approximately 
30 seconds. Results are expressed as mean + SD or 
+ SEM. The statistical significance of the difference in 
the means was assessed by 1-way analysis of variance. 
The ż test for unpaired observations was used to locate 
the differences between the groups of subjects. A p val- 
ue «0.05 was the level of statistical significance. 


RESULTS 

Baseline values: Former athletes had a left ventricu- 
lar end-diastolic diameter and mass index similar to 
those of sedentary subjects (Figure 1); both variables 
were significantly less in sedentary subjects than in ac- 
tive athletes. Ejection fraction was similar in the 3 
groups while the ratio between early and atrial transmi- 
tral flow velocity was greater in active than in former 
athletes and sedentary subjects. Forearm blood flow and 
vascular resistance were similar in the 3 groups. Heart 
rate and plasma norepinephrine values of former ath- 
letes were similar to those of active athletes; both were 
lower than those of sedentary subjects. In contrast, the 
mean arterial pressure of former athletes was similar to 
that of sedentary subjects; both were greater than that 
of active athletes (Figure 1). 
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FIGURE 2. Mean + SEM changes induced by 5-minute leg 
raising (LR) and 5-minute lower body negative pressure 
(LBNP) at —15 mm Hg in the 3 groups of subjects of Figure 1. 
Other abbreviations and symbols as in Figure 1. 


Effects of leg raising and lower body negative pres- 
sure: Former athletes, active athletes and sedentary 
subjects had a similar increase in left ventricular end- 
diastolic diameter during leg raising and a similar re- 
duction in left ventricular end-diastolic diameter during 
lower body negative pressure at —15 mm Hg (Figure 
2). During either the increase and the reduction in left 
ventricular end-diastolic diameter there were little or no 
alterations in pulse pressure, mean arterial pressure and 
heart rate. There were, in contrast, a reduction and an 
increase in forearm vascular resistance and plasma nor- 
epinephrine, respectively. Both changes were similar in 
former athletes and sedentary subjects. In contrast, the 
forearm vascular resistance and plasma norepinephrine 
changes observed in these 2 groups were, with 1 excep- 
tion, significantly greater than those observed in active 
athletes. 

The effects of lower body negative pressure at —37.5 
mm Hg are shown in Figure 3. This maneuver caused a 
greater reduction in left ventricular end-diastolic diame- 
ter than that caused by lower body negative pressure at 
—15 mm Hg (Figure 2) and the change was not signifi- 
cantly different in former athletes, sedentary subjects 
and active athletes. The reduction in left ventricular 
end-diastolic diameter was accompanied by a decrease 
in mean arterial pressure, an increase in heart rate, and 
an increase in forearm vascular resistance and plasma 
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FIGURE 3. Mean + SEM changes in hemodynamic and hu- 
moral variables induced by 5-minute lower body negative 
pressure at —40 mm Hg in the 3 groups of subjects of Figure 
1. Abbreviations and symbols as in Figures 1 and 2. 
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norepinephrine greater than those induced by the milder 
lower body negative pressure stimulus (Figure 2). With 
the exception of mean arterial pressure, the responses 
were less in active athletes than in sedentary subjects. 
The hypotension and forearm vasoconstriction of former 
athletes were similar to those of sedentary subjects, 
whereas the tachycardia and increase in plasma norepi- 
nephrine tended to lie in between those of sedentary 
subjects and active athletes. 

Cold pressor test: Immersion of one hand in iced 
water caused an increase in blood pressure, heart rate 
and forearm vascular resistance. The percent increase in 
forearm vascular resistance was significantly less in for- 
mer athletes and sedentary subjects (88 + 9% and 94 + 
27%) than in active athletes (153 + 15%, p «0.05), 
whereas the tachycardic response was greater in former 
athletes and sedentary subjects (17 + 4% and 20 + 3%) 
than in active athletes (8 + 2%, p <0.01). The absolute 
pressor and vasoconstrictor responses were similar in the 
3 groups. 


DISCUSSION 

Our study shows that in professional athletes, who 
stopped training for about 4 years, the changes in fore- 
arm vasomotor tone and plasma norepinephrine induced 
by stimulation and deactivation of cardiopulmonary re- 
ceptors are (1) greater than those of active professional 
athletes, and (2) similar or only slightly less than those 
of age-matched sedentary subjects. Thus, the impair- 
ment of the cardiopulmonary reflex observed in profes- 
sional athletes! is not irreversible and the reflex returns 
toward normal only a few years after intense physical 
training is terminated. Our study provides 4 other find- 
ings. The first finding is that the pressor and vasocon- 
strictor responses to cold pressor testing were similar in 
former athletes, active athletes and sedentary subjects 
excluding a nonspecific effect of physical training or de- 
training on the vascular responses to neural stimuli. The 
second finding is that the marked hypotension seen in 
active athletes during the more pronounced lower body 
negative pressure (—37.5 mm Hg) was not seen in for- 
mer athletes whose hypotension resembled the smaller 
one of sedentary subjects. Thus, termination of physical 
training reverses the impaired blood pressure homeosta- 
sis to a gravity challenge that characterizes active ath- 
letes,!:!© presumably in relation to the improvement of 
the cardiopulmonary reflex. 

The third finding is that, as shown in previous echo- 
cardiographic studies,'’ former athletes have a left ven- 
tricular mass smaller than active athletes and similar to 
that of sedentary subjects. Thus, recovery of the cardio- 
pulmonary reflex accompanies regression of cardiac hy- 
pertrophy, suggesting a cause-effect relation between 
the 2 phenomena. This of course leaves open the ques- 
tion of the mechanisms by which hypertrophy impairs 
the cardiopulmonary reflex. In contrast to what is 
known to occur in hypertensive subjects with left ven- 
tricular hypertrophy,*!5-?! the cardiac hypertrophy of 
the athletes was accompanied by an increase in diastolic 
compliance. Thus, the cardiopulmonary reflex impair- 
ment was not due to the inability of a stiffer heart to 





1 


change its volume appropriately and stimulate cardio- 
pulmonary receptors. 

The fourth finding is that although some cardiovas- 
cular functions in former athletes were similar to those 
of sedentary subjects (e.g., cardiopulmonary reflex, left 
ventricular mass, baseline blood pressure, and so forth), 
other cardiovascular functions (e.g., heart rate, plasma 
norepinephrine) fell short of full normalization or re- 
mained similar to those observed in active athletes.?? 
Thus, after termination of physical training, some train- 
ing-induced cardiovascular changes may persist for a 
longer time. 


Acknowledgment: We thank Franco Sar, the staff 
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tivo SNIA" of Milano for their kind cooperation. 
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EDITORIALS 


Meta-Analysis in Clinical Trials Reporting: 
Has a Tool Become a Weapon? 


William E. Boden, MD 


in research publications has never been easy for 

clinicians. Increasingly, we contend with names 
and concepts that are not readily intuitive (Mantel- 
Haenzsel chi-square,! Gehan's generalized Wilcoxon 
test? Dunnett’s test? Bonferroni correction,* Mann- 
Whitney rank sum test? just to name a few). When 
descriptive statistical jargon (particularly that involving 
surnames) is used liberally in a given original publica- 
tion, most of us lacking in formal biostatistical training 
are usually required to make a conceptual leap of faith 
from that portion of a Methods section to the Results 
section, after which we often breathe a collective sigh of 
relief. To be sure, there is an implicit sanctimony about 
statistical terminology that few clinicians feel qualified 
to challenge. In general, most of us assume that statisti- 
cal methodology is beyond reproach, and we not infre- 
quently turn our direction toward the equally pressing 
challenges of sorting out the findings in Results and 
Discussion sections. 

The statistical methods used in the reporting of clini- 
cal trials have become ever more sophisticated over the 
last 2 decades. It is now commonplace to encounter a 
variety of techniques utilized in the interpretation of 
randomized, controlled clinical trials, including many 
that have become universally adopted, such as multiple 
logistical regression analysis, Cox proportional-hazards 
model,’ life-table analytic techniques, and Kaplan- 
Meier survivorship models? Yet, despite our growing 
familiarity and acceptance of these statistical tech- 
niques, we now encounter with increasing regularity the 
“new wave" of statistical reporting: meta-analysis.!0-!? 
While, strictly speaking, not a new concept, meta-analy- 
sis has emerged as a statistical tool which has gained 
broad-based acceptance in clinical trials analysis re- 
porting. 

A recent report in Science highlights the continu- 
ing controversy surrounding meta-analysis!?; Mann de- 
scribes how this controversial statistical method of 
grouping results from disparate scientific studies “has 
provoked acrimony in every discipline — from psycholo- 
gy to physics — where it has been applied."!? Indeed, a 
major concern regarding the endorsement of meta-anal- 
ysis is the perception that such a technique, which pools 
data from different studies, violates a fundamental sta- 
tistical tenet, namely that one should not compare “ap- 
ples and oranges." Accordingly, it is important to place 


T* interpretation of statistical analyses employed 
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into perspective how meta-analysis may compare to 
more traditional statistical methods used in clinical tri- 
als reporting. 

Historically, the randomized controlled clinical trial 
has become the statistical “gold standard" for promot- 
ing new (or revising existing) diagnostic or therapeutic 
methods — particularly in an era when medicine has 
become increasingly scientific and less accepting of un- 
supported opinion or report by anecdote. The purpose of 
the randomized clinical trial is to reduce the liklihood of 
observer bias and patient selection. Such limitations are 
commonplace in case-control and retrospective studies. 
Similarly, observational methods are often problematic, 
because the detection of small treatment differences in 
certain disease states where there is an appreciable vari- 
ability in expected outcome, as well as uncertainty re- 
garding co-morbidity (e.g., patients with cardiovascular 
or neoplastic diseases), limit the usefulness of such 
methodologic approaches. 

As clinicians who seek both to better understand the 
pathophysiology of disease and the attendant treatment 
of complex illness, we have come to rely on the integrity 
of the randomized, controlled clinical trial as the bed- 
rock upon which appropriate scientific, objective and 
dispassionate clinical decisions can be made on behalf of 
the patients whose trust in their physician's judgment is 
often implicit. As Passamani!^ has stated most force- 
fully, the prospective, randomized, placebo-controlled, 
double-blind trial has emerged as the most scientifically 
sound and ethically correct means of evaluating new 
therapies, and has become a preferred means of evaluat- 
ing an ever-increasing flow of innovative diagnostic and 
therapeutic maneuvers. 

Presumably, randomization is designed to minimize 
error and bias, and therefore reduce the uncertainty of 
the result. The clear formulation of a study hypothesis, 
the appropriate statistical design (including feasible 
sample size estimates and power calculations) to mini- 
mize type I and type II errors, the choice of appropriate 
and realistic estimates of projected event rates in control 
and treatments groups, the clear formulation of a finite 
number of prespecified subgroup hypotheses, and the 
careful selection of outcome measures are all crucial el- 
ements to ensuring sound, scientific clinical research. 
Such efforts generally ensure that treatment and control 
groups are balanced with respect to clinical characteris- 
tics and prognostic variables, so that the therapeutic al- 
ternatives being compared might result in scientifically 
valid information upon which physicians may reliably 
base individual treatment decisions. 

However, the intent to reduce error and bias and the 
attendant uncertainty of the result is, by no means, a 
guarantee that uncertainty can be eliminated. As Pop- 
per? has emphasized, “the scientific method is based on 
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increasing probabilities and increasingly refined approx- 
imations of truth and, in this regard, the randomized, 
controlled clinical trial is not infallible." 

There are other limitations of large, prospective ran- 
domized clinical trials. These include the often prohibi- 
tive cost of funding such research from extramural 
sources (frequently tens of millions of dollars), the use 
of rigid inclusion/exclusion criteria that may restrict 
patient enrollment and thus undermine generalizibility 
of such trial outcomes to broader, unselected, and pre- 
sumably more representative patient populations, and 
perhaps most importantly, the temporal delay in under- 
taking such large-scale research efforts (often years 
from study initiation to publication), which may pose 
ethical concerns regarding the more timely approval of 
certain therapeutic agents, as has been repeatedly em- 
phasized by the acquired immunodeficiency syndrome 
(AIDS) epidemic of the last decade. 

Accordingly, it has been suggested that alternatives 
to randomized clinical trials be considered to address 
certain ethical concerns and feasibility issues which may 
be more expedient and less costly.'? In a recent editori- 
al, Hellman and Hellman!® cite such alternatives, in- 
cluding uncontrolled clinical trials (for AIDS and can- 
cer patients, e.g.),! prospective studies without random- 
ization (but with patient evaluation by “uninvolved 
third parties" to minimize observer bias), prospective 
matched-pairs analysis, and mega-trials or, as Hugen- 
holtz!” has described these (“Jumbo” or “Junk” trials), 
which involve randomization of large numbers (tens of 
thousands) of patients, utilizing broad and simple entry 
criteria in order to minimize systematic biases and ran- 
dom errors. 

All of these statistical methods have certain 
strengths and weaknesses, and a complete description 
and evaluation of these techniques is not the purpose of 
this editorial. Rather, it is the more commonly used sta- 
tistical method of meta-analysis, which has been touted 
as an alternative, or complement, to the randomized 
clinical trial, that forms the basis of the present report. 

A legitmate concern regarding meta-analysis is the 
propensity that exists for indiscriminate use and over- 
zealous application to clinical therapeutic decision mak- 
ing. To emphasize this concern, one must attempt to 
understand the genesis, purpose, potential advantages, 
as well as the limitations of meta-analysis. 

Light and Smith! were among the first to propose 
pooling original data from previously published research 
studies. In an effort to provide a more quantitative and 
mathematic approach to reconcile the inherent difficul- 
ties associated with subjective analyses of combining 
different experiments, statisticians sought to develop 
formal techniques to sum up, and pool, a body of sepa- 
rate (but presumably similar) experiments. Such origi- 
nal efforts were made initially in the social sciences in 
the early 1970s, but encountered both skepticism and 
criticism, as Mann has detailed in his recent editorial.!* 
In 1976, Glass!? was the first to use the term “meta- 
analysis" when referring to the statistical approach of 
pooling and synthesizing data from similar but dispa- 
rate experiments. 
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The fundamental basis of meta-analysis is a compar- 
ison of findings from available studies published on a 
given condition (e.g., secondary prevention of mortality 
after acute myocardial infarction) with the findings that 
would be expected if the effect (e.g., treatment benefit 
after myocardial infarction) did not exist. In essence, 
meta-analysis seeks to reject the null hypothesis: the hy- 
pothesis which states that the effect sought in an experi- 
ment is, in fact, absent. In such a statistical design, the 
series of comparisons in the meta-analysis should differ 
only randomly from zero. Thus, pooling experiments to- 
gether should result in data outcomes approximating 
zero, simply because the chance results should, on bal- 
ance, cancel each other out (the null hypothesis upheld); 
in contrast, if data pooled from similar experiments 
show a positive outcome or trend (even if the results of 
individual studies of small sample size are inadequate to 
provide statistical power to detect a significant differ- 
ence), the pooled comparisons would sum these observa- 
tions, and could result in a favorable or unfavorable 
treatment outcome (the null hypothesis rejected). 

According to the Mantel-Haenszel-Peto method,'? a 
2 X 2 table is constructed for each study to be pooled; 
the observed number in the experimental group with a 
given outcome (e.g., myocardial infarction during treat- 
ment) is computed for each study, from which the ex- 
pected number of outcomes (e.g., myocardial infarctions 
which one would have expected if a treatment had no 
effect) is subtracted. Thus, the difference (observed mi- 
nus expected) for each study is calculated, and the re- 
sults are pooled. Again, if the given treatment under 
scrutiny had no effect, the difference between observed 
minus expected outcomes should differ only randomly 
from zero. Conversely, outcomes that deviate signifi- 
cantly from zero (generally expressed as odds ratios sur- 
rounded by 95% confidence limits) support either a fa- 
vorable effect (odds ratio <1; 95% confidence intervals 
<1) or a detrimental effect (odds ratio >1; 95% confi- 
dence intervals >1). 

Among the first reports using meta-analysis in clini- 
cal trials reporting was the study by Chalmers et al?? on 
The Effect of Warfarin on Post-Infarction Outcome, 
published in the New England Journal of Medicine. 
The specific purpose of the study was to clarify the role 
of a single specific pharmacologic intervention (warfa- 
rin) in such patients and to provide insight into a clini- 
cal debate that had raged since the 1950’s. Chalmers 
reasoned that if studies that showed a nonsignificant 
trend in favor of a treatment benefit (owing to inade- 
quate sample size) could be pooled with the results of 
the other studies of similar size and design and, which 
examined a similar clinical investigative question, such 
a meta-analysis of data from the larger, expanded data 
set might circumvent the inherent inadequacies in sta- 
tistical power that precluded many of these smaller 
studies from individually achieving a definitive result. 
This initial contribution to meta-analysis was notewor- 
thy; Dr. Chalmers showed that warfarin was superior to 
placebo in reducing long-term postinfarction outcome.”° 

Since that time, countless meta-analyses have been 
published which have demonstrated both positive and 
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negative outcomes by pooling data from various studies. 
Presumably, the virtue of meta-analysis is to provide a 
statistical consensus in which published results have 
been conflicting and nondefinitive. In many instances, 
meta-analyses have resulted in a clear-cut consensus of 
both concordant and discordant study outcomes, when 
data are pooled from experiments whose principal find- 
ings varied appreciably. 

In a prior review, Sacks et al?! summarized the pur- 
poses of meta-analysis as follows: (1) to increase statisti- 
cal power for primary end points and subgroups; (2) to 
resolve uncertainty when reports disagree; (3) to im- 
prove estimates of effect size; and (4) to answer ques- 
tions not posed at the start of individual trials, i.e., to 
generate hypotheses for subsequent prospective study 
and verification. 

In their review, Sacks et al?! further emphasized 
that of the 86 meta-analyses published through 1987, 
only 24 (2896) addressed rigorous methodologic areas of 
study design, combinability, control of bias, statistical 
analysis, sensitivity analysis, and application of results. 

As previously outlined, numerous meta-analysis have 
been conducted and reported in the medical literature 
over the past several years, the comprehensive docu- 
mentation of which would be beyond the scope of this 
editorial. What is most alarming, however, is the man- 
ner in which meta-analysis has emerged as a virtual sur- 
rogate for sound, clinical decision making that derives 
from original, prospective clinical research, despite the 
fact that meta-analysis is, above all, observational in na- 
ture and represents a retrospective look at data already 
collected. The statistical pooling of scientific data, and 
the rereporting of clinical trials outcomes, many of 
which are based on an arithmetic summing of observed 
minus expected end point events allocated between 
treatment and control, seems to be commanding a dis- 
proportionate emphasis in clinical practice. Perhaps 
even more alarming is the developing trend that many 
physicians and investigators view the results of meta- 
analysis as therapeutically definitive. The validity of 
pooled data remains in question and, as Sacks empha- 
sizes,?! not all meta-analyses are conducted with suffi- 
cient rigor and design so as to be beyond reproach and 
criticism. 

Despite its great appeal of deriving a significant 
*bottom line" to many clinical dilemmas, there are po- 
tentially serious flaws that warrant attention and con- 
sideration in assessing the overall impact of meta-analy- 
sis — particularly before one simply assumes that the 
results of such analyses are unassailable. The limitations 
of meta-analysis, which are frequently overlooked, and 
rarely cited in meta-analysis publications, are several 
and are summarized in Table I. In addition to the fact 
that meta-analysis is generally retrospective and obser- 
vational in nature, this technique frequently uses data 
results pooled from noncontemporaneous studies of dif- 
fering study design and duration. Patient inclusion and 
exclusion criteria may differ widely, as may trial end 
points and outcome assessments. In meta-analyses con- 
ducted to evaluate pharmacologic therapy, frequently 
drugs within a generic class (such as antiarrhythmic 


TABLE I Limitations and Potential Disadvantages of 
Meta-Analysis 


Retrospective repeat analysis of prior published data 

Study design heterogeneity, including positive and negative trials; treat- 
ment assignment differences; ranges of patient characteristics, diag- 
noses and treatments 

Logistic concerns of combinability, especially if study criteria and mea- 
surements vary among studies 

Control and measurement of potential bias, including selection biases, 
data-extraction bias, etc. 

Specific statistical analyses performed in the meta-analysis, which may 
vary widely. These statistical concerns include type | and type II error, 
confidence intervals and subgroup analyses 

Sensitivity analysis, including issues relating to quality assessment, 
varying methods and publication bias 

Applicability of results due to inappropriate pooling, when widely dispa- 
rate data are pooled. or when many different drugs are pooled in a 
class (antiarrhythmic agents; calcium channel blockers, etc.) 

Intra- and interobserver variability 





agents or calcium channel blockers), which differ sig- 
nificantly in chemical structure, pharmacokinetic and 
pharmacodynamic activity, are lumped together — rais- 
ing concerns about such an “apples and oranges” statis- 
tical approach. 

Perhaps most important, the potential for observer 
bias is nontrivial. Because scientifically sound studies 
are mixed in with unsound ones, deciding how to assign 
weights to various studies that are pooled is problemat- 
ic. In addition, because "negative" studies that report 
unfavorable, or neutral, study findings are generally 
more likely not to be published, meta-analysis of avail- 
able published studies may be biased toward positive 
results. In light of such potential difficulties, it might be 
more prudent and appropriately conservative to view the 
findings of meta-analysis as exploratory and hypothesis- 
generating, rather than as definitive, as Sacks has cau- 
tioned.?! 

Moreover, in the pursuit of quick-fix answers to 
complex therapeutic questions, it seems that some phy- 
sicians appear all too willing to endorse the findings of 
pooled data and meta-analysis in a manner in which 
they were never intended originally. Meta-analysis is a 
statistical tool, a device that might provide additional 
insight into, or clarification of, a potentially nondefini- 
tive clinical decision dilemma. The pervasive and wide- 
spread adoption of meta-analytic results as an approach 
to provide definitive guidelines in the choice of therapy 
is potentially dangerous and, quite possibly, deceptive. 
Wholesale embracement of meta-analysis as a surrogate 
for the in-depth analysis of original, prospective investi- 
gation, without an appreciation for the statistical short- 
comings of meta-analysis, represents a most worrisome 
trend in clinical medicine. 

A recent example of runaway meta-analysis is exem- 
plified in the widely cited 1989 review in the British 
Medical Journal by Held et al.? In this review, the 
investigators attempt to examine the effect of 3 calcium 
antagonists (verapamil, nifedipine, diltiazem) on mor- 
tality and nonfatal reinfarction. Whereas this meta- 
analysis demonstrated no effect on mortality, when data 
were pooled from all studies of the 3 different classes of 
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TABLE Il. Meta-Analysis of Heart Rate—Lowering Calcium Antagonists on Long-Term Cardiac Events in Non-Q-Wave Infarction 


Treatment Control 


No. 


Trial of Pts. Events Total Events Total 


95% Cl 
Risk 
Diff. 


Odds 95% 


Low High Ratio Cl 


A. Pooled Data for Primary Trial End Points in MDPIT (12 months) and DAVIT-II (18 months) 


MDPIT 634 29 296 50 338 

DAVIT-II 302 24 141 35 161 

Total 936 49 437 85 499 
Z = —2.7083 


Overall weighted control rate = 17.0% 


—0.0635 —0.1128 —0.0141 0.53 0.32—0.88 
—0.0472 —0.1361 0.0417 0.74 0.41—1.32 
—0.0596 —0.1028 —0.0165 0.61 0.42—0.89 


2-tailed p value = 0.0068 
95% CI = 13.9% — 20.7% 


Risk reduction = 35.0% 


B. Pooled Data for Entire Follow-Up Period by Intention to Treat for MDPIT (25 + 8 months; 12—52 months) and DAVIT-II (18 months) 


MDPIT 634 41 296 67 338 

DAVIT-II 302 24 141 35 161 

Total 936 65 437 102 499 
Z = 2.2606 


Overall weighted control rate = 20.4 


—0.0597 —0.1176 —0.0018 0.65 0.43—0.99 
—0.0427 —0.1361 0.0417 0.74 0.41-1.32 
-0.0560 —0.1045 —0.0074 0.68 0.48—0.96 


2-tailed p value — 0.024 
95% Cl = 17.0% — 24.3% 


Risk reduction = 27.4% 


Panel A, event rates, risk differences (95% confidence intervals) and odds ratios (95% confidence intervals) for pooled data of patients with non-Q-wave infarction randomized to 
diltiazem or verapamil. Cardiac event rates are computed for the MDPIT (12 months) and DAVIT-II (18 months). Pooled data and risk differences are computed using random effects 


model?® and Mantel-Haenszel odds ratio.2” Panel B, same as panel A, except pooled data from the MDPIT comprise the entire 52-month follow-up (mean 25 + 8 months) period for 


non-Q-wave infarction, where outcome was analyzed by intention-to-treat principle. 


CI = confidence interval; DAVIT-I| = Second Danish Verapamil Infarction Trial; Diff. = difference; MDPIT = Multicenter Diltiazem Post-Infarction Trial. 





calcium antagonists, it was clear that those studies in- 
volving the dihydropyridine subgroup were associated 
with generally worse outcomes compared with classes of 
calcium antagonists that lower heart rate. 

In their analysis of reinfarction, however, Held et 
al? pointed out that these data were based on 3,500 
patients who received verapamil, 7,200 patients who re- 
ceived nifedipine, and on only 100 patients who received 
diltiazem. They noted a 5% reduction in reinfarction 
with verapamil, a 14% decrease with diltiazem, but a 
7% increase with nifedipine therapy; by “lumping” to- 
gether these data on reinfarction, they concluded that 
“pooled data on reinfarction did not indicate any overall 
beneficial effect.” They acknowledged, however, that 
the conclusions regarding the effect of verapamil and 
diltiazem on nonfatal reinfarction were “uncertain,” 
and they further indicated that the data regarding the 
effect of calcium antagonists on nonfatal reinfarction 
after a non-Q-wave infarction were “incomplete.” 

Subsequently, in this journal, the authors have re- 
vised their initial, somewhat uncritical meta-analysis, 
and have partially retracted their contention that calci- 
um antagonists are generally ineffective in postinfarc- 
tion patients. In this very recent editorial Yusuf et al? 
reported pooled data for the trials of calcium antago- 
nists that slow heart rate (verapamil and diltiazem). Al- 
though pooling such data on all post-infarction patients 
still does not provide convincing evidence that these 
agents reduce mortality (odds ratio, 0.95; 95% confi- 
dence intervals, 0.82 to 1.09), the effect of these agents 
on reducing nonfatal reinfarction did achieve statistical 
significance (odds ratio, 0.79; 95% confidence intervals, 
0.67 to 0.94). 

Moreover, appropriate analyses of post-infarction 
outcomes in these trials of calcium antagonists, dichoto- 
mizing by infarct subtype (i.e., Q-wave versus non-Q- 
wave infarction), have not been carefully undertaken, 
despite abundant published data over the last 2 decades 
emphasizing the importance of this distinction. Because 
it appears quite clear that calcium antagonists (particu- 


larly dihydropyridines) are less effective in Q-wave in- 
farction, a potential, salutary effect of verapamil or dil- 
tiazem in non-Q-wave myocardial infarction might, by 
definition, not be discerned, if data from all patients 
with Q-wave and non-Q-wave infarction are pooled to- 
gether. Such concerns about inappropriate combinabil- 
ity have been already emphasized as a significant short- 
coming of meta-analysis. 

In a recent review, the Second Danish Verapamil 
Infarction Trial (DAVIT-II) study group published 
more detailed data on the effect of verapamil in non- 
Q-wave infarction. Whereas there were only 302 pa- 
tients with non-Q-wave infarction, there were 35 cardi- 
ac events (event rate, 24.296) in the placebo group, and 
24 cardiac events (event rate, 18.596) in the verapamil 
group at 18 months of follow-up. This trend was not 
statistically significant, and likely reflects a type II error 
of inadequate sample size. In the 634 non-Q-wave in- 
farction patients randomized to the Multicenter Diltia- 
zem Post-Infarction Trial (MDPIT), there were 50 
cardiac events in the placebo group (event rate, 15%) 
compared with 25 cardiac events in the diltiazem group 
(event rate, 8.8%) at 12 months (the trial primary end 
point), which reflects a cumulative relative reduction of 
43%. At a mean follow-up of 25 months (range, 12 to 
52 months), there were 67 cardiac events in the placebo 
group (event rate, 20%) compared with 41 cardiac 
events in the diltiazem group (event rate, 14%). The 
Cox hazard ratio and 95% confidence intervals for dilti- 
azem versus placebo in this non-Q-wave infarction sub- 
set was 0.66 (0.43 to 0.98) — a statistically-significant 
34% event rate reduction. 

Combining the results on. non-Q-wave infarction 
from DAVIT-II and MDPIT strengthens the observa- 
tion that heart-rate reducing calcium antagonists may 
be beneficial in certain groups of postinfarction patients, 
notably non-Q-wave myocardial infarction. Table II 
summarizes pooled data from these 2 trials, using the 
random effect and fixed-effect models and the Mantel- 
Haenszel technique.?65 If data are pooled on the 936 
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patients with non-Q-wave infarction, based on the iden- 
tical trial primary end point of first cardiac events (car- 
diac death or nonfatal reinfarction) for DAVIT-II (18 
months) and MDPIT (12 months), the average risk re- 
duction for treatment compared with control was 35%, 
with an odds ratio (95% confidence interval) of 0.61 
(0.42 to 0.89). 

Pooling the data on non-Q-wave infarction for the 
entire MDPIT follow-up period of 25 + 8 months 
(range 12 to 52), together with the 18-month DAVIT- 
II follow-up, yields virtually identical findings. The av- 
erage risk reduction for the total follow-up period was 
27%, and the odds ratio (95% confidence intervals) was 
0.68 (0.48 to 0.96). Representative graphic displays of 
the risk reductions, using the random effects model, are 
shown in Figure 1. 

The implication of the foregoing serves to under- 
score the propensity for misinformation and misinter- 
pretation that may emanate from meta-analyses, espe- 
cially when one pools widely divergent therapeutic 
agents, or when one does not dichotomize pathogeneti- 
cally and prognostically different clinical entities (such 
as Q-wave and non-Q-wave myocardial infarction). In 
this latter example of non-Q-wave infarction, it appears 
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that a clinically important treatment effect could thus 
be masked, or diluted, when meta-analysis is performed 
by combining data from studies of dihydropyridines and 
heart rate-lowering calcium antagonists, especially if 
patients with Q-wave and non-Q-wave infarction are 
likewise pooled together. 

The invariable culmination of certain meta-analyses 
involving heterogeneous pharmacologic agents and dif- 
fering pathophysiologic clinical conditions is the poten- 
tial for academic and entrepreneurial abuse. It is not 
uncommon to note that published studies of meta-anal- 
ysis influence physician education, clinical practice 
strategies, and even the marketing approaches of certain 
pharmaceutical companies who may attempt to “use” 
these results to influence physician practice patterns. It 
is not unreasonable to believe that the results of meta- 
analyses may pit one pharmaceutical company against 
another in an attempt to curry physician support/ap- 
proval for a given therapeutic viewpoint. 

Very recently, we have observed that the Food and 
Drug Administration and Commissioner Kessler have 
been critical of certain pharmaceutical companies, who 
have reportedly marketed calcium antagonists for use in 
postinfarction patients. Although the weight of pub- 
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FIGURE 1. Graphic display of risk difference surrounded by 95% confidence intervals (CI) for patients with non-Q-wave infarc- 
Diltiazem 


tion (Non-Q MI) randomized to the Multicenter 


Post-Infarction Trial (MDPIT) and the Second Danish Verapamil Infarc- 


tion Trial (DAVIT-II) using random effects model.?95 Upper panel shows pooled data from MDPIT where cardiac event rate was 
assessed at 12 months and from DAVIT-II where cardiac event rate was assessed at 18 months (both trial primary end points). 
Z score = —2.71, and 2-tailed p value = 0.0068. Lower panel illustrates pooled data of cardiac events from DAVIT-II and 
MDPIT comprising entire 52-month follow-up. Z score = —2.26, and 2-tailed p value = 0.024. 
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lished studies does not support the use of calcium antag- 
onists as routine secondary prevention, the more recent 
Yusuf editorial serves to emphasize that the earlier 
meta-analysis of these agents was based on missing/ 
incomplete data, and was partially erroneous because 
it failed to elucidate the effect of heart-rate lowering 
calcium antagonists on reducing nonfatal reinfarction. 
Moreover, the pooled data from both DAVIT-II and 
MDPIT likewise show a significant beneficial effect of 
diltiazem and verapamil on reducing cardiac events in 
non-Q-wave infarction — an important finding in light 
of the fact that there are 600,000 to 700,000 non-Q- 
wave myocardial infarctions in the U.S. annually. 

Although it would be premature to regard such 
pooled results of heart rate-lowering calcium antago- 
nists in non-Q-wave infarction as therapeutically defini- 
tive, these observations are nonetheless compelling, and 
should be considered appropriately as hypothesis-gener- 
ating. Realistically, however, it is highly unlikely that 
another large clinical trial of secondary prevention in 
non-Q-wave infarction will ever be undertaken. 

One can only speculate what impact "favorable" 
versus “unfavorable” meta-analysis may have on acade- 
micians, clinicians, health care policy makers, Food and 
Drug Administration officials, and other constituencies. 
In light of Yusuf's “editorial update," perhaps it may be 
appropriate to reassess the implicit criticism that certain 
investigators or pharmaceutical companies have indis- 
criminately "promoted" certain pharmacologic agents 
when, in fact, there appears to be a role for heart rate 
lowering calcium antagonists in selected postinfarction 
patients. It seems apparent that the uniformly negative 
earlier meta-analysis impugning all calcium antagonists 
for postinfarction use has done a potential disservice to 
certain patients who may experience a beneficial treat- 
ment effect. It has, furthermore, created conceptual 
damage and uncertainty among physicians, confusion in 
the medical marketplace, and potential hostilities within 
certain government agencies. 

Thus, an inherent danger in relying too heavily on 
meta-analysis is that this technique may not be used 
solely as a statistical tool, but rather more as a market- 
ing weapon. Adoption of pooling techniques using more 
homogeneous patient populations and careful attention 
to varying therapeutic agents would seem both prudent 
and desirable. 

Clearly, we need to be more realistic and temperate 
in our expectations of clinical trials reporting. There is 
no substitute for scientific scrutiny, and no one statisti- 
cal technique is inherently infallible, devoid of assump- 
tions, or without shortcomings. Before we bequeath all 
sense of propriety and good judgement in clinical deci- 
sion making, we might best remember that meta-analy- 
sis remains an important and exciting statistical tech- 
nique for use in clinical trials reporting, but likewise 
possesses certain flaws and limitations that preclude its 
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use as a broad-based methodologic approach for formu- 
lating definitive therapeutic recommendations. 
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Current Status of Stents 


Eduardo Escorcia, MD, and Jay Hollman, MD 


Dotter! in 1969. Coronary stenting was intro- 

duced by Sigwart et al? using the Medivent 
Wallstent. Initial and long-term results of this stent 
have been described.?^ Other stents tested in human 
coronaries include the Palmaz-Schatz? and Gianturco- 
Roubiné stents. In this issue of The American Journal 
of Cardiology, de Jaegere et al’ describe the initial Eu- 
ropean experience with the Wiktor stent. Phase I U.S. 
clinical trials of this device were recently completed at 
the Ochsner Clinic in New Orleans. 

Table I summarizes design, material, complications 
and percentage of success of the different stents most 
frequently used.?-!? Tt is not easy to decide which device 
should be considered best. Whereas the Wiktor stent 
(with better visibility) presents a high technical success 
and ease of implantation, the Palmaz-Schatz is current- 
ly the most widely used in the U.S. Although intensive 
anticoagulation is necessary, the subacute occlusion rate 
appears to be less for this device. The ideal stent should 
be visible, but have the minimal amount of material. 
The stent with the greatest amount of metal (the Wall- 
stent) appears to have the highest rate of thrombosis. 
Reducing the amount of stent material also appears to 
decrease recurrence rates.!! 

Complications of stenting: Acute or subacute 
thrombosis is a major complication of stenting.’ It is 
most likely responsible for sudden death that can occur 
during the first days after implantation or even several 
months later. Several factors play an important role in 
the development of thrombosis: material of the stent, 
percentage of the area covered by the device, lack of 
coating with anticoagulants, lack of aggressive systemic 
anticoagulation, and perhaps hemodynamics that may 
affect the blood flow. The stents differ in inherent 
thrombogenicity because of surface chemistry, amount 
of stent material present, and electrical charge of the 
metal used. 

Significant hemorrhagic complications (secondary to 
anticoagulant therapy) have been reported in all studies 
of stent implantation. This can vary from groin site he- 
matomas to gastrointestinal and genitourinary hemor- 
rhages needing blood transfusion, and unfortunately, 
death due to cerebral hemorrhage.? 

Stenting probably does not reduce neointimal hyper- 
plasia. This is logical, because stent placement does not 
modify the basic healing process after arterial inju- 
ry.!^!3 Ellis et al!^ are correct in postulating that any 
effect on recurrent stenosis is related to the initial effect 


T» use of intraarterial stents was first described by 
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on initial geometry. After injury to the vessel wall, sev- 
eral factors interact to change smooth cell phenotype to 
produce synthesis rather than contractility.!^!6 This 
proliferation of smooth and fibrous cells covers not only 
the entire stent area, but also (when excessive) de- 
creases the luminal diameter of the vessel. 

Cost is also a factor to be considered. Cost for stent 
implantation is about 2.5 times that of routine percu- 
taneous transluminal coronary angioplasty (PTCA).!’ 
The main reason for this is the prolonged hospitaliza- 
tion needed to stabilize anticoagulation therapy. This 
disadvantage must be outweighed by a significant ad- 
vantage to stenting to make this technique cost-effec- 
tive. The costs of the stent and delivery catheter (when 
different from the dilating catheter) are sure to add to 
total cost. 

Benefits of stenting: The benefit of the stent implan- 
tation for correcting the deformed luminal geometry of 
an injured vessel wall has been well-demonstrated by 
quantitative angiographic studies.?:!* Implantation after 
balloon angioplasty produces an additional increase in 
minimal luminal cross-sectional area and obstruction di- 
ameter. It also decreased the percent area and diameter 
of stenosis.? Because the functional significance of a 
stenotic lesion is directly related to the expected normal 
cross-sectional area of the vessel at the point of obstruc- 
tion, the stent produces hemodynamic improvement: de- 
crease of pressure gradient across the stenosis and of 
turbulent resistance.?? 

Theoretical advantages, such as reduction of elastic 
recoil beyond the initial improvement in geometry, de- 
creased spasm in the area of stent placement and de- 
creased thrombosis due to less exposure of the injured 
arterial surface, remain unproved. In fact, elastic recoil 
occurs immediately on deflation of the balloon or not at 
all. Vasospasm occurs almost universally after PTCA.?! 
Theoretically, stenting should reduce this, but in actual 
fact stenting may induce spasm of the distal artery. The 
risk of thrombosis appears to be greater and not less 
with stenting. 

Indications for stenting: The usefulness of stenting 
in bad or suboptimal geometry, or with a large intimal 
tear or flap, or both, has been demonstrated in selected 
patients.?-?? It has saved patients the risk and cost of 
emergency coronary artery bypass graft surgery. In this 
case, it is important to assess the vessel before deciding 
on the feasibility of the stenting procedure. (Large or 
medium size vessels with lesions in the straight part of 
the proximal vessel with good distal runoff are good for 
bail-out stenting. Distal lesions or those in small arteries 
[33.0 mm] should not be stented.) 

Stenting is not the only method to improve subopti- 
mal results after routine PTCA. Directional atherec- 
tomy has been used by us and other investigators,?^ with 
good improvement of suboptimal results. The disadvan- 
tages of atherectomy are risk of arterial perforation,??26 
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the relatively large size of the device, and inability to 
advance the device beyond the proximal portion of the 
arteries. Other atherectomy devices also hold promise 
for improving suboptimal results after routine PTCA. 
Arterial dissection has also been treated with a laser 
balloon catheter developed by Spears. This method im- 
proved arterial dissection, obviating bypass surgery in a 
high percentage of patients. Laser thermal balloon angi- 
oplasty has a relatively high recurrent stenosis rate and 
uses an expensive, nonportable form of thermal energy. 
Availability of these newer devices will hopefully lessen 
the risk of emergency bypass surgery after suboptimal 
routine PTCA. Because acute occlusion and large dis- 
sections occur in only about 5% of routine PTCA cases, 
the market for this indication is relatively small. When 
to use stenting or the other devices remains to be deter- 
mined. 

Recurrent stenosis: Stenting for treatment of coro- 
nary restenosis has not shown an overall significant de- 
crease of recurrence compared with that of PTCA. 
Teirstein?' cited the 6% recurrence rate in de novo, 
short obstructions after stenting with the Palmaz stent 
as evidence that recurrent stenosis is lessened by the use 
of stents. There were only 50 patients stented with these 
ideal lesion characteristics. Patients receiving multiple 
stents or stents for recurrent stenosis lesions have recur- 
rence rates of 47 and 35%, respectively. Thus patients 
with long lesions, recurrent stenosis lesions and lesions 
in smaller arteries are less likely to benefit from coro- 
nary stenting. Patients who need help the most are ben- 
efited the least. On a statistical basis, patients at high 
risk of recurrence should be most likely to demonstrate 
benefit, if a real benefit is present. Advocates of stenting 
want us to believe the opposite is true. As more and 
more careful studies are performed it is clear that recur- 
rent stenosis after routine PTCA is closely linked to le- 
sion morphology and residual stenosis.?5 There is a rela- 
tion between the incidence of restenosis and the severity 
and length of the initial lesion, and also the greater de- 
gree of residual stenosis after angioplasty. Long, severe 
lesions and those with high residual stenosis are more 
likely to recur. Low recurrence rates in ideal lesions af- 
ter stenting may be due more to the lesion than the 
stent. Small vessels (where stents are contraindicated 
because of increased rates of thrombosis) are more like- 
ly to recur. Until randomized trial data are available on 
recurrence, stenting to prevent recurrent stenosis is an 
unproven hypothesis. 

In our opinion, use of the stent to prevent coronary 
restenosis (apart from a randomized trial to investigate 
this) is not justified. Stenting in its current forms has a 
significant increased risk of subacute occlusion and 
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hemorrhage from anticoagulation, and an increased cost 
for the device and protracted hospitalization. The stent 
is an experimental device now accepted as a “bail out” 
procedure when an acute occlusion or dissection occurs 
after routine PTCA. 
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Inappropriate Terminology in Publications 
Concerning Aortic Balloon Valvuloplasty 


Francis Robicsek, MD 


surgical treatment, but in whom the extent of dis- 

ease or associated conditions, or both, would have 
made operative intervention futile or risky beyond ex- 
pected benefits as “inoperable.” 

Inoperable (literally translated as “non-operable’’) is 
an inappropriate term. Anybody can be operated on, 
even those who should not be. Although it is still used in 
everyday medical jargon, in professional writing it has 
been largely replaced by more proper terms such as 
“contraindicated” (i.e., although technically feasible, by 
some professional criteria it should not be performed) or 
“relatively contraindicated,” which implies the presence 
of factors constituting either an unreasonable hazard to 
health or life, or a situation that would make interven- 
tion unlikely to succeed. The term “absolute contraindi- 
cation” is usually applied to a scenario in which these 
factors reach prohibitive severity. “Non-indicated” sim- 
ply implies that the patient may be managed more effi- 
ciently by other than surgical means. 

In recent times, a new term became commonplace in 
professional writing: “non-surgical.” This word has been 
used repeatedly to describe cohorts of patients who have 
undergone balloon valvuloplasty for calcified aortic ste- 
nosis. Surgeons seldom use the word “non-surgical,” 
and it seems that only “non-surgeons” appreciate what 
is “non-surgical” and use the term in such a way that its 
meaning seems to change from study to study, even if 
the term comes from the pen of the same author. 

An average reader of medical publications is likely 
to interpret the term “non-surgical” (sometimes also re- 
ferred to as *non-operative") as a category of patients 
who after careful evaluation were found to be unsuit- 
able for surgical intervention owing to prohibitively high 


|: has been customary to refer to patients in need of 
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risks (see "contraindicated"). Frequently, the reader 
turns a few pages, examines the tables and charts care- 
fully, and finds to his/her consternation that “non-sur- 
gical" simply implies that the patients (for various rea- 
sons) have not undergone surgery! These reasons may 
include not only true contraindications, but also higher 
than usual (but certainly not prohibitive) operative risks 
and patients who are not high surgical risks at all, but 
do not undergo surgery for other reasons such as mental 
debilitation and refusal for religious or personal reasons. 
In some cases, such as the Harvard experience of 170 
patients with aortic balloon valvuloplasty,' the share of 
patients included in the “non-surgical” group for the 
sole reason of refusal was >32%! To label such a group 
“non-surgical” is misleading. 

In the protocol of the recent Mansfield Scientific 
Balloon Valvuloplasty Registry (Mansfield Scientific 
Incorporated, Mansfield, Massachusetts), the term 
“non-surgical” was defined as: “Patients with high risk 
for valve replacement or patients who have refused sur- 
gery.” Reading this, one may expect that the process of 
determining who is “high risk” for valve replacement 
and should therefore not undergo surgery is a complex 
one in which the surgeon did indeed participate. How- 
ever, in the Mansfield study, only “thirty-one percent of 
the total group had been formally denied surgical valve 
replacement as documented in writing by the consulting 
cardiovascular surgeon."? In other words, in the lion’s 
share of cases, declaring the patient unfit for surgery 
was done without surgical consultation. Also, regarding 
patients who would have been candidates for surgery 
but refused, one would expect that a surgeon had been 
given the chance to discuss the matter with the patient, 
but again, this did not materialize in most cases. 

The controversial expression “high risk" for surgery, 
per se, is not very informative. In the complex setting of 
clinical medicine one needs to know not only that the 
risk of a procedure is “high,” but also how ‘this risk 
compares with the natural course of the disease, as well 
as the alternative treatment modalities. Currently, in an 
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average cardiac surgical establishment, the in-hospital 
mortality rate for aortic valve replacement is approxi- 
mately 4 to 5%. The rate in octogenarians may increase 
to 8 to 15%. In the latter group, those with very signifi- 
cant additional risk factors may have rates as high as 20 
to 25%. However, if these patients survive surgery, there 
is an 89% five-year survival rate among them, and they 
can expect to have good hemodynamic and clinical re- 
sults. Thus, the operative risk may be judged "high," 
but it also seems to be "reasonable." The procedural 
risk of aortic balloon valvuloplasty in this group may be 
lower than that of surgery, but it will yield unacceptably 
poor late results. Thus, it would be more appropriate to 
categorize the patient as to whether the risk is *unrea- 
sonably high,” instead of just saying “high risk." 

It is also difficult to understand the process by which 
this risk is being determined. Naturally, in extreme 
cases everyone can agree that the risk may be unreason- 
ably high. However, in the greyer areas, a single cardi- 
ologist's judgment may not necessarily be enough. Espe- 
cially in scientific trials (where merits of surgical and 
nonsurgical methods are compared), the input of an ex- 
perienced cardiac surgeon would be most appropriate to 
avoid the appearance of professional bias. 

To illustrate how offhand such a judgment can be, 
one should read the 2 interesting consecutive papers of 
the Harvard group. In the pages of the New England 
Journal of Medicine (July 21, 1988), case histories 
were reported of 170 patients in whom balloon valvulo- 
plasty was attempted. “115 patients (68%) were consid- 
ered poor candidates for cardiac surgery with an esti- 
mated perioperative mortality risk of more than 15%.” 
*. . . 55 patients (32%), including 26 patients over the 
age of 80, refused surgery." Of the 170 patients, 6 died 
in the hospital and 25 died within 6 months. The 
"event-free" survival (no death, repeat valvuloplasty or 
surgery) at 1 year was only 50%.! 

The same patient pool was presented a year and a 
half later, with the cardiac surgeon as the primary au- 
thor. Forty-five of 179 (2596) postpercutaneous aortic 
valvuloplasty patients (presumably the most serious 
cases) subsequently underwent aortic valve replace- 
ment. Of these 45 patients, 15 initially had balloon val- 
vuloplasty as a preference, and 30 did not undergo sur- 
gery, because of "estimated excessive operative mortali- 
ty." In spite of the estimated “high-risk” status of these 
patients, valve replacement yielded only 4 surgical 
deaths. Three additional patients died within a year af- 
ter surgery,? results not different from what one may 
expect in a regular cohort of elderly patients undergoing 
aortic valve replacement. In our institution, 3 patients 
previously judged unsuitable for surgery underwent 
emergency or urgent valve replacement after unsuccess- 
ful aortic balloon valvuloplasty. There was no mortality, 
and all 3 patients are doing well 1, 1.5 and 2 years, 
respectively, after aortic valve replacement. Similar ex- 
periences have been reported by other investigators. 
Reference to this has also been made by McKay’ re- 
porting on the recent Mansfield Scientific Aortic Valvu- 
loplasty trial: *Left ventricular perforation, acute valvu- 
lar insufficiency and severe vascular trauma are all 
complications that may respond successfully to surgical 
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intervention, even in extremely high risk patients.” I 
guess that is 1 way to make “non-surgical” patients sud- 
denly “surgical.” 

This situation also brings up a poignant question. Is 
the clinician obliged to perform a second-rate, often 
worthless but high-risk procedure if the patient refuses 
an optimal treatment modality? Or should he even offer 
a definitely inferior treatment as an “alternative” for 
the patient who is expected to fare much better with a 
different approach? 

Recommendations: (1) The word “non-surgical” 
should not be used in scientific publications, but accord- 
ing to the situation, should be replaced by terms such as 
“nonoperated” (those who did not undergo surgery for 
various reasons), “refused surgery” (those who were 
surgical candidates, but preferred other forms of treat- 
ment), and “surgery thought to be contraindicated” 
(the physician in charge of the case did not recom- 
mend surgery, because the risk of the operation was 
thought to be prohibitively high, or the expected benefit 
prohibitively low). To the aforementioned I add my 
own personal plea—the ridiculous term “non-survivor” 
should be replaced by a very good Anglo-Saxon word: 
“dead”? (see Webster Unabridged Dictionary, New 
York: World Publishing Company, 1964). 

(2) In scientific publications, the reason a patient 
was regarded as “high risk” should be explained in de- 
tail. Was there an estimated unacceptably high percent- 
age of mortality or morbidity (how high?), and what 
was the projected risk of (a) not doing anything or (b) 
using an alternative therapy such as conservative medi- 
cal treatment or surgery? 

(3) The “process of refusal” by the patient should be 
formalized, and when it refers to a surgical procedure 
that is judged to be the optimal treatment for that par- 
ticular case, this fact should be emphasized to the pa- 
tient in a very explicit way. The patient who refuses the 
preferred surgical treatment modality should be coun- 
selled by both a cardiologist and a cardiac surgeon. Un- 
usually high numbers of refusals in the same institution- 
al setting should be explained. 

As to aortic balloon valvuloplasty, there is now am- 
ple evidence that indicates low yield and poor late re- 
sults. This procedure should not be offered as an accept- 
able treatment modality, but should be reserved for a 
small group of severely symptomatic patients in whom 
the carefully considered surgical risk is not only high or 
even very high, but is judged totally unacceptable by a 
careful multidisciplinary evaluation. 


REFERENCES 

1. Safian RD, Berman AD, Diver DJ, McKay L, Come PC, Riley MF, Warren 
SE, Cunningham MJ, Wyman RM, Weinstein JS. Balloon valvuloplasty in 170 
consecutive patients. N Engl J Med 1988;319:125-130. 

2. O'Neill WW, for the Mansfield Scientific Aortic Valvuloplasty Registry Inves- 
tigators. Predictors of long-term survival after percutaneous aortic valvuloplasty. 
Report of the Mansfield Scientific Balloon Valvuloplasty Registry. J Am Coll 
Cardiol 1991;17:193-198. 

3. Johnson RG, Dhillon JS, Thurer RL, Safian RD, Weintraub RM. Aortic valve 
operation following percutaneous balloon aortic valvuloplasty. Ann Thorac Surg 
1990;49:740-743. 

4. McKay RG, for the Mansfield Scientific Aortic Valvuloplasty Registry Investi- 
gators. Overview of acute hemodynamic results and procedural complications. J 
Am Coll Cardiol 1991;17:485-491. 


690 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 MARCH 1, 1992 


From the Astra/Merck Research Programs 
NEW FROM MERCK SHARP & DOHME 


For mild-to-moderate hypertension 


ENDIL 


(FELODIPINE ^ MSD) 


Tablets, 5 mg 10 mg 








A calcium channel blocker that provides 
e once-a-day dosing 
e vascular selectivity 


e savings from 23% to 60% compared 
with the starting doses of other once-a-day 
calcium channel blockers’ 


“Based on the usual recommended starting dose(s) from the manufacturers’ current product information for 
once-a-day calcium channel blockers for hypertension. Prices are manufacturers’ direct prices, if available, or average 
wholesale prices from Medi-Span® Prescription Pricing Guide, February 1992, based on the most frequently purchased 
package size for each strength. 


PLENDIL is contraindicated in patients who are hypersensitive to this product. Felodipine, like other calcium 
antagonists, may occasionally precipitate significant hypotension and, rarely, syncope. It may lead to reflex 
tachycardia, which in susceptible individuals may precipitate angina pectoris. (See ADVERSE REACTIONS.) 
Although acute hemodynamic studies in a small number of patients with NYHA Class II or III heart failure treated 
with felodipine have not demonstrated negative inotropic effects, safety in patients with heart failure has not 
been established. Caution, therefore, should be exercised when using PLENDIL in patients with heart failure or 
compromised ventricular function, particularly in combination with a beta blocker. 


Please see the Brief Summary of Prescribing Information on the next page of this advertisement. 


PLENDIL is a registered trademark of AB Astra. C9 Printed on recycled paper 
on . 


IN MILD-TO-MODERATE HYPERTENSION, 


New once-a-day 


ENDIL 


(FELODIPINE ~MSD) 





Available in: 





5mg 10 mg 


PLENDIL focuses more activity on vascular smooth muscle 
than cardiac muscle, reducing blood pressure principally 

as a consequence of a dose-related decrease of peripheral 
vascular resistance in man with a modest reflex increase 


in heart rate. 





CONTRAINDICATIONS: PLENDIL is contraindicated in patients 
who are hypersensitive to this product. 


PRECAUTIONS: General: Hypotension: Felodipine, like other 
calcium antagonists, may occasionally precipitate significant hypo- 
tension and rarely syncope. It may lead to reflex tachycardia which 
in ne individuals may precipitate angina pectoris. (See 
ADVERSE REACTIONS.) 
Heart Failure: Although acute hemodynamic studies in a small 
number of patients with NYHA Class II or III heart failure treated with 
felodipine have not demonstrated negative inotropic effects, safety 
in patients with heart failure has not been established. Caution 
therefore should be exercised when using PLENDIL in patients with 
heart failure or compromised ventricular function, particularly in 
combination with a beta blocker. 

Patients or Patients with Impaired Liver Function: Patients 
Over 65 years of age or patients with impaired liver function may have 
elevated plasma concentrations of felodipine and may therefore 
respond to lower doses of PLENDIL. These patients should have 
their blood pressure monitored closely during dosage adjustment of 
PLENDIL and should rarely require doses above uU A a 
ICAL PHARMACOLOGY and DOSAGE AND ADMINI TION.) 


Edema: Peripheral edema, generally mild and not as- 
sociated with generalized fluid retention, was the most common ad- 
verse event in the clinical trials. The incidence of peripheral edema 
was both dose- and age-dependent. Frequency of peripheral 
edema ranged from about 10 percent in patients under 50 years of 
age taking 5 mg daily to about 30 percent in those over 60 years of 
age taking 20 mg daily. This adverse effect generally occurs within 
2-3 weeks of the initiation of treatment. 


Information for Patients: Patients should be instructed to take 
PLENDIL whole and not to crush or chew the tablets. They should be 
told that mild gingival hyperplasia (gum swelling) has been re- 
ported. Good dental hygiene decreases its incidence and severity. 


NOTE: As with many other drugs, certain advice to patients being 
treated with PLENDIL is warranted. This information is intended to 
aid in the safe and effective use of this medication. It is not a disclo- 
sure of all possible adverse or intended effects. 


Drug Interactions: Beta-Blocking Agents: A pharmacokinetic 
study of felodipine in conjunction with metoprolol demonstrated no 
significant effects on the pharmacokinetics of felodipine. The AUC 
and Cm. of metoprolol, however, were increased approximately 31 
and 38 percent, respectively. In controlled clinical trials, however, 
beta-blockers including metoprolol were concurrently adminis- 
tered with felodipine and were well tolerated. 

Cimetidine: |n healthy subjects pharmacokinetic studies showed 
an approximately 50 percent increase in the area under the plasma 
concentration time curve (AUC) as well as the Cr» of felodipine 
when given concomitantly with cimetidine. It is anticipated that a 
Clinically significant interaction may occur in some hypertensive pa- 
tients. efore, it is recommended that low doses of PLENDIL be 
used when given concomitantly with cimetidine. 

Digoxin: When given concomitantly with felodipine the peak 
plasma concentration of digoxin was significantly increased. There 
was, however, no significant change-in the AUC of digoxin. 

Other Concomitant z In healthy subjects there were no 
Clinically significant interactions when felodipine was given con- 
comitantly with indomethacin or spironolactone 


Interaction with Food: See CLINICAL PHARMACOLOGY, Phar- 
macokinetics and Metabolism. 

Carcinogenesis, Mutagenesis, Im of Fertility: In a two- 
year Carcinogenicity study in rats fed felodipine at doses of 77, 23.1 
or 69.3 mg/kg/day (up to 28 times* the maximum recommended hu- 
man dose on a mg/m? basis), a dose-related increase in the inci- 
dence of benign interstitial cell tumors of the testes (Leydig cell 
tumors) was observed in treated male rats. These tumors were not 
observed in a similar study in mice at doses up to 138.6 mg/kg/day 
(28* times the maximum recommended human dose on a mg/m* 
basis). Felodipine, at the doses employed in the two-year rat study, 
has been shown to lower testicular testosterone and to produce a 
corresponding increase in serum luteinizing hormone in rats. The 
Leydig cell tumor development is possibly secondary to these hor- 
monal effects which have not been observed in man. 

In this same rat study a dose-related increase in the incidence 
of focal squamous cell hyperplasia compared to control was ob- 
served in the esophageal groove of male and female rats in all dose 
groups. No other drug-related esophageal or gastric — was 
observed in the rats or with chronic administration in mice and dogs 
The latter species, like man, has no anatomical structure compar- 
able to the esophageal groove. 

Felodipine was not carcinogenic when fed to mice at doses of 
up to 138.6 mg/kg/day (28 times® the maximum recommended hu- 
man dose on a mg/m’ basis) for periods of up to 80 weeks in males 
and 99 weeks in females. 

Felodipine did not display any mutagenic activity in vitro in the 
Ames microbial mutagenicity test or in the mouse lymphoma for- 
ward mutation assay. No clastogenic potential was seen in vivo in 


“Based on patient weight of 50 kg 


the mouse micronucleus test at oral doses up to 2500 mg/kg (506 
times* the maximum recommended human dose on a mg/m: basis) 
or in vitro in a human lymphocyte chromosome aberration assay. 

A fertility study in which male and female rats were adminis- 
tered doses of 3.8, 9.6 or 26.9 mg/kg/day showed no significant ef- 
fect of felodipine on reproductive performance 


Pregnancy: Pregnancy Category C: Teratogenic Effects: Studies in 
pregnant rabbits administered doses of 0.46, 1.2, 2.3 and 4.6 mg/kg/ 
day (from 0.4 to 4 times* the maximum recommended human dose on 
a mg/m? basis) showed digital anomalies consisting of reduction in 
size and degree of ossification of the terminal phalanges in the fetuses. 
The frequency and severity of the changes appeared dose-related 
and were noted even at the lowest dose. These changes have been 
shown to occur with other members of the dihydropyndine class and 
are possibly a result of compromised uterine blood flow. Similar fetal 
anomalies were not observed in rats given felodipine. 

In a teratology study in cynomolgus monkeys no reduction in 
the size of the terminal phalanges was observed but an abnormal 
ees of the distal phalanges was noted in about 40 percent of the 
etuses 


Nonteratogenic Effects: A prolongation of parturition with difficult 
labor and an increased frequency of fetal and early postnatal 
deaths were observed in rats administered doses of 9.6 mg/kg/day 
(4 times* the maximum human dose on a mg/m? basis) and above. 

Significant enlargement of the mammary glands in excess of 
the normal enlargement for pregnant rabbits was found with doses 
greater than or equal to 1.2 g/day (equal to the maximum hu- 
man dose on a mg/m? basis). This effect occurred only in pregnant 
rabbits and regressed during lactation. Similar changes in the 
mammary glands were not observed in rats or monkeys. 

There are no adequate and well-controlled studies in pregnant 
women. If felodipine is used during pregnancy, or if the patient be- 
comes pregnant while taking this drug, she should be appnsed of 
the potential hazard to the fetus, possible digital anomalies of the 
infant, and the potential effects of felodipine on labor and delivery, 
and on the mammary glands of pregnant females. 


Nursing Mothers: It is not known whether this drug is secreted in 
human milk and because of the potential for serious adverse reac- 
tions from felodipine in the infant, a decision should be made 
whether to discontinue nursing or to discontinue the drug. taking 
into account the importance of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: In controlled studies in the United States 
and overseas approximately 3000 patients were treated with felodi- 
pine as either the extended-release or the immediate-release for- 
mulation. 

The most common clinical adverse experiences reported with 
PLENDIL® (Felodipine, MSD) administered as monotherapy in all 
settings and with all dosage forms of felodipine were peripheral 
edema and headache. Peripheral edema was generally mild, Dut it 
was age- and dose-related and resulted in discontinuation of ther- 
apy in about 4 percent of the enrolled patients. Discontinuation of 
therapy due to any clinical adverse experience occurred in about 9 
percent of the patients receiving PLENDIL, principally for peripheral 
edema, headache, or flushing. 

Adverse experiences that occurred with an incidence of 1.5 
percent or greater during monotherapy with PLENDIL without re- 
gard to causality are compared to placebo in the table below 


Percent of Patients with Adverse Effects in Controlled Trials 
of PLENDIL as Monotherapy (Incidence of discontinuations 
shown in parentheses) : 


PLENDIL% Placebo % 


Adverse Effect N-730 N- 283 
Peripheral Edema 223 (42) 35 
Headache 186 (2.1) 10.6 
Flushing 64 (10) 1.1 
Dizziness 58 (0.8) 3.2 
Upper Respiratory Infection 55 (0.1) 1.1 
Asthenia . 47 (0.1) 28 
Cough 29 X 04 
Paresthesia 25 (0.1 1.8 
Dyspepsia 23 (00 14 
Chest Pain 21 (0.1 14 
Nausea 19 (0.8) 1.1 
Muscle Cramps 19 (0.0 1.1 
Palpitation 18 (05 25 
Abdominal Pain 18 (03 1.1 
Constipation 16 (01 11 
Diarrhea 16 (0.1) 1.1 
Pharyngitis 16 (0.0) 04 
Rhinorrhea 16 (0.0) 0.0 
Back Pain 16 (0.0) 1.1 
Rash 15 (0.1) 1.1 
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Inthe two dose response studies using PLENDIL® (Felodipine, MSD) 
as monotherapy, the following table describes the incidence 
(percent) of adverse experiences that were dose-related: — 


— o a e RE EL: 
Placebo 5.0 10.0 20 
Adverse Effect N=121 N= N= 123 N-50 
Peripheral Edema 25 13.9 19.5 36.0 
Palpitation 08 0.0 24 12.0 
Headache 12.4 11.1 18.7 28.0 
Flushing 0.0 28 81 200 


In addition, adverse experiences that occurred in 0.5 up to 1.5 per- 
cent of patients who received PLENDIL in all controlled clinical stud- 
ies (listed in order of decreasing severity within each category) and 
serious adverse events that occurred at a lower rate or were found 
during marketing experience (thoee lower rate events are in italics) 
were: Body as a Whole: Facial edema, warm sensation; Cardiovas- 
cular: Tachycardia, myocardial infarction, hypotension, syncope, 
angina pectoris, arrhythmia; Digestive: Vomiting, dry mouth, flatu- 
lence; Hematologic: Anemia; Musculoskeletal: Arthralgia, arm 
pain, knee pain, leg pain, foot pain, hip pain, myalgia: Nervous/Psy- 
chiatric: Depression, anxiety disorders, insomnia, irritability, ner- 
vousness, somnolence; Respiratory: Bronchitis, influenza, 
sinusitis, dyspnea, epistaxis, respiratory infection, sneezing; Skin: 
Contusion, erythema, urticaria; Urogenital’ Decreased libido. im- 
potence, urinary frequency, urinary urgency, dysuria. 

Felodipine, as an immediate release formulation, has also been 
studied as monotherapy in 680 patients with hypertension in U.S. 
and overseas controlled clinical studies. Other adverse experi- 
ences not listed above and with an incidence of 0.5 percent or 
greater include: Body as a Whole: Fatigue; Digestive: Gastrointesti- 


` nal pain; Musculoskeletal: Arthritis, local weakness, neck pain, 


shoulder pain, ankle pain; Nervous/Psychiatric: Tremor. Respira- 
tory: Rhinitis; Skin: Hyperhidrosis, pruritus; Special Senses: Blurred 
vision, tinnitus; Urogenital: Nocturia. 


Gingival Hyperplasia: Gingival hyperplasia. usually mild, occurred 
in «0.5 percent of patients in controlled studies. This condition may 
be avoided or may regress with improved dental hygiene. (See 
PRECAUTIONS, Information for Patients.) 


Clinical Laboratory Test Findings: Serum Electrolytes: No sig- 
nificant effects on serum electrolytes were observed during short- 
and long-term therapy (see CLINICAL PHARMACOLOGY. Renai/ 
Endocrine Effects) 


Serum Glucose: No significant effects on fasting serum glucose 
were observed in patients treated with PLENDIL in the U.S. con- 
trolled study. 


Liver Enzymes: One of two episodes of elevated serum trans- 
aminases decreased once drug was discontinued in clinical stud- 
ies: no follow-up was available for the other patient. 


OVERDOSAGE: Oral doses of 240 mg/kg and 264 mg/kg in male 
and female mice, respectively. and 2390 mg/kg and 2250 mg/kg in 
male and female rats, respectively, caused significant lethality 

In a suicide attempt. one patient took 150 mg felodipine to- 
gether with 15 tablets each of atenolol and spironolactone and 20 
tablets of nitrazepam. The patient's blood pressure and heart rate 
were normal on admission to hospital; he subsequently recovered 
without significant sequelae 

Overdosage might be expected to cause excessive peripheral 
vasodilation with marked hypotension and possibly bradycardia. 

If severe hypotension occurs, symptomatic treatment should 
be instituted. The patient should be placed supine with the legs ele- 
vated. The administration of intravenous fluids may be useful to treat 
hypotension due to overdosage with calcium antagonists. In case of 
accompanying bradycardia, atropine (0.5-1 mg) should be admin- 
istered intravenously. Sympathomimetic drugs may also be given if 
the physician feels they are warranted. 

Ithas not been established whether felodipine can be removed 
from the circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: The recommended initial dose 
is 55mg once a day. Therapy should be adjusted individually accord- 
ing to patient response, generally at intervals of not less than two 
weeks. The usual dosage range is 5-10 mg once daily. The maxi- 
mum recommended daily dose is 20 mg once a day. That dose in 
clinical tnals showed an increased blood pressure response but a 
large increase in the rate of peripheral edema and other vasodila- 
tory adverse events (see ADVERSE REACTIONS). vice e 
the recommended dosage is usually not required in patients wi 
renal impairment. 

PLENDIL should be swallowed whole and not crushed or 
chewed. | 


Use in the Elderly or Patients with Impaired Liver Function: Pa- 
tients over 65 years of age or patients with impaired liver function, 
because they may develop higher plasma concentrations of feloci- 
pine, should have their blood pressure monitored closely during 
dosage adjustment (see PRECAUTIONS). In general. doses above 
10 mg should not be considered in these patients. 
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Coronary Flow Reserve in Children with Kawasaki Disease Without 
Angiographic Evidence of Coronary Stenosis 


Kenji Hamaoka, MD, Zenshiro Onouchi, MD, and Yutaka Ohmochi, MD 


T he presence of coronary lesions due to Kawasaki 
disease has been anatomically confirmed by selective 
coronary angiography. We recently encountered 11 pa- 
tients with Kawasaki disease with ischemic findings on 
exercise stress tests, but without a stenotic lesion on coro- 
nary angiography. To clarify the pathogenesis of the isch- 
emic changes shown by exercise electrocardiography and 
myocardial scintigraphy in these patients without angio- 
graphic evidence of coronary stenosis, we studied the 
coronary flow reserve by measuring the changes in coro- 
nary blood flow and vascular resistance during rapid atri- 
al pacing using coronary sinus catheterization. 

From January 1988 to December 1990, 18 children 
with ischemic findings on exercise electrocardiogram 
and myocardial scintigram (single-photon emission 
computed tomography) underwent coronary angiogra- 
phy at our hospital. From these 18 patients, we selected 
11 (aged 6 to 18 years, mean 14) without angiographic 
evidence of stenotic coronary lesions as the subjects of 
this study. The time from the onset of Kawasaki disease 
to this study ranged from 4 to 14 years (mean 10). All 
subjects fulfilled the criteria for the diagnosis of Kawa- 
saki disease. ST-segment depression on exercise electro- 
cardiogram (treadmill test) was observed in 4 patients, 
and transient regional perfusion defects on exercise thal- 
lium-201 myocardial scintigram (single-photon emis- 
sion computed tomography) were noted in all cases. Two 
patients had history of transient chest pain during physi- 
cal exercise. No patient had any ischemic findings on 
electrocardiogram at rest, or history of any ischemic 
episodes. These positive findings on exercise electrocar- 
diogram and thallium-201 myocardial scintigram were 
reconfirmed 1 week before coronary angiography. This 
study was performed after coronary and left ventricular 
angiography. Seven of 11 patients had normal coronary 
angiograms, and the other 4 had mild dilatation of the 
left coronary artery (segment 6) without any sclerotic 
changes. All patients had normal wall motion of the left 
ventricle. The nature of the study was discussed with the 
patients’ parents, and written consent was obtained. 

In this study, a pigtail catheter was inserted in the left 
ventricle or ascending aorta, and a Swan-Ganz catheter 
in the pulmonary artery. A specially designed flow cath- 
eter! for the measurement of coronary sinus blood flow 
was inserted in the coronary sinus using the catheteriza- 
tion method through the femoral vein described previ- 
ously.! Coronary sinus blood flow was measured by the 
continuous thermodilution method, and coronary vascu- 
lar resistance was calculated as the ratio of mean aortic 
pressure to coronary sinus blood flow.? Coronary sinus 
blood flow and vascular resistance were determined both 
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at rest and during atrial pacing (pacing rate 150 to 
180/min). Then, the changes (percent change) in coro- 
nary sinus blood flow and vascular resistance were eval- 
uated in comparison with those in normal children? The 
percent increase of the pressure-rate product in the sub- 
jects was not significantly different from that in normal 
children? At rest, coronary sinus blood flow (102 + 15 
ml/min) and vascular resistance (0.95 + 0.28 mm 
Hg/ml/min) showed no significant difference between the 
subjects and 17 normal children (coronary sinus blood 
flow 104 + 13 ml/min; coronary vascular resistance 0.88 
+ 0.2 mm Hg/ml/min) in the same age range (Figure 1). 
During atrial pacing, 11 normal children in the same age 
range had a percent change in coronary sinus blood flow 
of 67 + 9%, and a percent change in coronary vascular 
resistance of —38 + 6%. However, in the 11 subjects with 
Kawasaki disease, the percent change of coronary sinus 
blood flow was 18 3- 3196, and that of coronary vascular 
resistance was —20 + 23%. Thus, both changes were 
significantly smaller than those in normal children. In 
particular, in 8 of the 11 subjects, the coronary sinus 
blood flow and vascular resistance responses were signif- 
icantly worse than in normal children (Figure 2). In 


CSBF 
(ml/min) 


N= 36 

Y = 4.12X 4- 48.1 
r —0.87 

p «0.001 


CR 
(mmHg/ml/min) N= 36 
Y= -0.041X + 147 
r= -0.64 


p «0.001 





FIGURE 1. Coronary sinus blood flow (CSBF) and vascular re- 
sistance (CR) at rest. Closed circles are normal children; open 
circles are subjects in this study. 
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FIGURE 2. Percent changes in coronary sinus blood flow (% 
A CSBF) and vascular resistance (% A CR) during atrial pac- 
ing. Closed circles are normal children; open circles are sub- 
jects in this study. 
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these 8 patients, the percent change of coronary sinus 
blood flow was 1.9 17.3%, and that of coronary vascu- 
lar resistance was —9.6 + 18.2%. In 4 of these 8 patients, 
coronary sinus blood flow actually decreased during 
atrial pacing. In 4 patients with ST-segment depression 
on stress tests, the change in coronary sinus blood flow 
was 10 + 16%, and that in coronary vascular resistance 
was —10 + 16%. Myocardial biopsy of the right ventricle 
was performed in these 8 patients; interstitial fibrosis 
was observed in 3, and mural thickening of the small 
coronary arteries in 1. 

These results suggest that in the case of increased 
myocardial oxygen demand, these patients have a re- 
duced coronary flow reserve due to reduced dilatory ca- 
pacity of the small coronary arteries that are not visual- 
ized by coronary angiography. This reduced coronary 
reserve may be an important factor in the detection of 
positive findings on exercise stress tests in patients with 
Kawasaki disease without angiographic evidence of coro- 
nary stenosis. Furthermore, this study suggests that it 
may also be necessary to pay careful attention to the 
small coronary arteries in the evaluation of the coronary 
sequelae of Kawasaki disease. 
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Adult Coronary Artery Disease Secondary to Kawasaki Disease in 


Childhood 


Sugao Ishiwata, MD, Katsuo Fuse, MD, Shinichiro Nishiyama, MD, Shigemoto Nakanishi, MD, 


Yasunori Watanabe, MD, and Akira Seki, MD 


denn disease is a febrile disease of unknown etiol- 
ogy characterized by mucocutaneous involvement 
and occurring in infants and young children, which was 
first reported by Kawasaki in 1967.! Coronary artery 
lesions, which develop as complications, are an important 
factor in determining the prognosis of this disease. Kawa- 
saki disease manifests itself at a comparatively early 
stage, and coronary aneurysms or myocardial disorders 
develop in about 20% of patients, with 50% of the aneu- 
rysms regressing spontaneously over a 1- to 2-year period. 
Thus, ischemic heart disease is ultimately detected in 
<3% of all patients.?-* Because follow-up times have been 
short, the long-term prognosis in these cases of residual 
cardiac lesions, especially coronary artery disease in the 
acute stage, is unclear. In recent years, there have been 
sporadic reports of cases of sequelae of Kawasaki disease 
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in adults, especially young adults with ischemic heart 
disease.?-7 The aim of the present study was to clarify the 
clinical course and diagnostic imaging findings of pa- 
tients with residual lesions as sequelae of Kawasaki dis- 
ease. 

This study consisted of 5 patients who recently un- 
derwent cineangiography for evaluation of coronary ar- 
tery lesions believed to be the sequelae of Kawasaki 
disease. The patients (2 men and 3 women) ranged in age 
from 17 to 36 years (Table I). All patients had long 
asymptomatic courses, and clinical myocardial ischemia 
manifested itself only after they had become adults. Pa- 
tients 1 and 2 had a clear history of Kawasaki disease. 
Age at onset of Kawasaki disease ranged from 18 
months to 11 years old. The interval between the onset of 
Kawasaki disease and the manifestation of myocardial 
ischemic symptoms ranged from 11 to 28 years. The 
course of all 5 patients was asymptomatic for a period of 
210 years. In patients 3, 4 and 5, there was no clear 
history of Kawasaki disease, but Kawasaki disease was 
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strongly suspected based on the unique morphology and 
distribution of the coronary artery aneurysms. Old 
asymptomatic myocardial infarcts were observed in 4 
patients, including 3 with anterior wall infarcts and 1 
with an inferior wall infarct. One patient had arrhythmia 
and reduced left ventricular function. All patients under- 
went coronary artery bypass grafting. 

All 5 patients displayed typical coronary angio- 
graphic findings (Table I). Oval calcified coronary aneu- 
rysms were associated with stenosis or obstruction in 
every case. Patients 1 to 3 exhibited the proximal type of 
aneurysm, whereas patients 4 and 5 had several diffuse 
rosary-like aneurysms, ranging from the proximal to 
distal regions, with the same changes also being seen in 
both internal thoracic arteries. Marked collateral devel- 
opment was observed in all patients and this was also 
considered a characteristic finding. 

The diagnosis of Kawasaki disease is based on symp- 
toms, and there are no test methods that provide a defi- 
nite diagnosis. Thus, when the sequelae of Kawasaki dis- 
ease manifest themselves in adults, a long period has 
passed since the onset, no records remain of the patient's 
course during infancy, and the memory of the patient or 
patient's family is often not very clear. However, absence 
of positive history of Kawasaki disease in childhood does 
not exclude the diagnosis; angiographic appearance is 
highly suggestive of the diagnosis. Kawasaki disease pri- 
marily involves medium- to small-size muscular type 
arteries. In many cases of congenital aneurysm, the le- 
sion is unilateral and its morphology is also slightly differ- 
ent from the aneurysm of Kawasaki disease.? The disease 
that must be differentiated first is infantile periarteritis 
nodosa; however, this has recently come to be considered 


TABLE I Clinical and Angiographic Findings in Five Patients 
with Sequelae of Kawasaki Disease 


Age at 
Onset of 
Kawasaki 
Disease (yr) 


Age (yr) 


& Sex Symptoms Complications 


Apical MI 


Anterior MI 
Anterior MI 
Arrhythmia 

Poor LV function 
Inferior MI 


Unknown 
Unknown 


Unknown 


Aneurysm with Location of Aneurysm 


Obstruction Calcification Coronary Other Collaterals 


AP = angina pectoris; D = diffuse rosary-like; DOE = dyspnea on exertion; ITA = 
internal thoracic artery; LAD = left anterior descending artery; LCX = left circumflex 
artery; LV = left ventricular; MI = myocardial infarction; RCA = right coronary artery; 
— = absent; + = present. 





an acute inflammatory disease similar to Kawasaki dis- 
ease, 10,11 

In all cases, no definite coronary risk factors were 
detected, and subsequently, there was a long-term 
asymptomatic course. Ischemic heart disease manifested 
itself when these patients became adults. Their coronary 
artery lesions were characterized by aneurysms associ- 
ated with calcification, stenosis on either side of the aneu- 
rysm, and the development of good collateral routes. The 
type of angina pectoris always took the form of advanced 
vascular lesions of a collateral source with occluded recip- 
ient branch; i.e., a jeopardized collateral. In many cases, 
the right coronary artery was already obstructed in the 
early stage and stenosis on either side of the aneurysm of 
the left coronary artery as a collateral source had pro- 
gressed (Figure 1). 

The aneurysms seen in Kawasaki disease have the 
same characteristics as those seen in diffuse panvasculitis; 
however, there is no fibrinoid necrosis or recurrence.!? 
Results of multiple studies based on serial angiography 
have shown that 50% of previously documented coronary 
artery aneurysms in Kawasaki disease regress spontane- 
ously in | to 2 years. In the case of many large aneurysms 
with almost no regression in the early stage, however, 





FIGURE 1. Case 2. Selective left coronary angiogram in early 
phase (top) and late phase (bottom) showing mild dilatation 
and severe stenosis in the proximal portion of the left anterior 
descending artery (top white arrow). Right coronary artery is 
filled by good collateral vessels from the circumflex artery 
through the atrial branch. A gourd-shaped calcified aneurysm 
was detected in the proximal portion of right coronary artery 
(bottom white arrow). 
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reactive intimal proliferation associated with the aggre- 
gation and organization of blood clots occurs within the 
aneurysm. Specific hemodynamic vessel wall-shearing 
stress is present at the inlet and outlet parts of the aneu- 
rysm, and this is said to damage endothelial cells and 
promote stenosis.!?:!^ However, the mechanism by which 
this stenosis progresses over a long period of time is still 
not well understood and requires further study. 

We have no data concerning the long-term prognosis 
for children with Kawasaki disease who do not have aneu- 
rysms or whose aneurysms have regressed. A normal 
angiogram does not necessarily mean complete recovery 
by coronary arteries. Arterial damage may persist and 
there is a possibility of the risk of early arteriosclerosis as 
a sequela of vasculitis because of the characteristic fea- 
tures of panarteritis observed in this disease.'> 

Coronary artery bypass graft surgery was performed 
in all patients, and the 1- to 4-year postoperative courses 
have been favorable. Arterial grafts, such as from the 
internal thoracic artery or gastroepiploic artery, which 
can be expected to retain good patency for a long period 
of time are currently recommended. However, in cases in 
which aneurysms are present throughout the entire 
length of the trunk of the coronary arteries, such as in 
patients 4 and 5, aneurysms may also be present in the 
internal thoracic artery, and when this vessel is planed to 
be used for grafting, it must be thoroughly evaluated to 
exclude presence of aneurysms preoperatively. 

We believe that Kawasaki disease gives rise to long- 
term complications, such as aneurysms that progress to 
cause angina pectoris or myocardial infarction. A num- 
ber of the infants with Kawasaki disease currently being 
examined in the department of internal medicine may go 
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on to develop such complications in the future. Thus, 
long-term follow-up, including regular exercise tests and 
coronary arteriography, is considered important. 
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Left Ventricular Function in Patients with Atrial Fibrillation Before 


and After Cardioversion 


Mahbubul Alam, MD, PhD, and Curt Thorstrand, MD, PhD 


trial fibrillation (AF) is a clinically important ar- 

rhythmia with important therapeutic and prognostic 
implications. The disorganized electrical and mechanical 
activity causes loss of active atrial contraction. This in 
turn results in insufficient atrial emptying and impaired 
ventricular filling.! AF may be converted to sinus rhythm 
by means of direct-current countershock. Hemodynamic 
studies before and after cardioversion of AF to normal 
sinus rhythm report conflicting results regarding im- 
provement in hemodynamic function.2~* Some studies 
suggested that normal atrial contraction may not occur 
immediately after successful cardioversion of AF to sinus 
rhythm.'? The purpose of this study was to evaluate, 
using echocardiography and Doppler, the mechanical ac- 
tivity of the left atrium and its effect on left ventricular 
(LV) function after electrocardioversion of AF to sinus 
rhythm. 
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The study was begun with 19 patients with electro- 
cardiographic evidence of AF and without history of 
coronary artery disease or cardiomyopathy. The study 
was designed for 1 -month follow-up. Seven patients were 
excluded: 5 owing to reversion to AF before the final 
echocardiographic examination, and 2 owing to unsuc- 
cessful cardioversion. Left atrial dimension was not used 
as an exclusionary criterion. Thus, 12 patients (aged 57 
+ 9 years) were converted to normal sinus rhythm by 
means of direct-current cardioversion. Demographic 
data on the patients are listed in Table I. Digoxin was 
withdrawn 2 days before cardioversion. Patients were 
receiving anticoagulation therapy (warfarin sodium) for 
> 2 weeks, with prothrombin time being within the thera- 
peutic range. In patients receiving sotalol medication, the 
drug was continued at the time of cardioversion. 

Patients were examined before, and 4 hours, 2 weeks 
and I month after cardioversion. All patients underwent 
complete M-mode and 2-dimensional echocardiogra- 
phy, including pulsed-wave Doppler. An Aloka SSD- 
870 echocardiographic machine with a 2.5 MHz trans- 
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TABLE I Individual Data of Patients with Atrial Fibrillation 


A Wave 
After 
4 Hours 


Cause/ 
Associated 
Disease 


LAD 
(mm) 


Duration Previous 
of AF AF 


Age (yr) 
& Sex 


3 mos. 
2 weeks 


Hypertension 
Mitral valve 
prosthesis 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Mild aortic 
stenosis 
Unknown 
Unknown 
Diabetes 
Hypertension 


3 mos. 
6 mos. 
2 mos. 
10 weeks 
8 weeks 
6 weeks 
10 mos. 


8 weeks 
3 mos. 
4 mos. 


AF = atrial fibrillation; LAD = left atrial dimension. 


ducer was used. In the presence of AF, the mean of 10 
consecutive cardiac cycles was used for calculations, and 
5 cycles were used when the patients were in sinus 
rhythm. The amplitude of the systolic displacement of 
the atrioventricular valve plane toward the apex was 
used as a measure of global LV function. This was re- 
corded (Figure 1) from the apical 4- and 2-chamber 
views corresponding to the septal, lateral, anterior and 
posterior walls of the left ventricle, as described else- 
where? The mean value of the atrioventricular plane 
displacement from the aforementioned 4 sites was used 
to assess the global function of the left ventricle. 
Doppler sample volume size was 3 to 5 mm. Wall 
filters were set at 200 to 600 Hz, and the gain was 
adjusted to obtain the best spectral recording. The apical 
4-chamber view was used. The sample volume was 
placed in the left ventricle above the mitral valve, and the 
best recording of the transmitral flow was carefully 
searched. Peak velocities of the early (E) and atrial (A) 
filling waves were determined. In the baseline study, the 
position of the transducer was carefully marked with 


FIGURE 1. Four-chamber view (left) with 
M-mode cursor placed at septal border of 
atrioventricular (AV) plane. Displacement 
during systole is shown on M-mode 
(right). 








TABLE II Echo-Doppler Parameters and Heart Rate (n = 12) 
| Il 


HR (beats/min) 


Mean + SD 8l +14 05 2 5**. GEOS 


Median 78 65 60 
Range 


55-105 55-73 47—61 


LA (mm) 
Mean + SD 
Median 
Range 


FS (96) 
Mean + SD 28 +7 35 = A" 39k /** 
Median 31 38 41 
Range 15-35 19-42 28—46 


49 -7 
49.5 
40—60 


40—60 37—59 


AV mean (mm) 
Mean X SD 9.5+1.8 11.5+1.8* 13+ 1.6** 
Median 10 12 14 
Range 7-11.5 8-13 9-16 


% A/E 
Mean + SD 


14.5 € 2** 
14.5 
10-18 


Median 


Range 35-75 38-112 

*p «0.05, and **p «0.01 compared with |; tp « 0.05 compared with Ill. 

A maximum velocity of atrial systolic wave; AV mean - mean value of 
atrioventricular plane displacement; E = maximum velocity of early diastolic flow; FS = 
fractional shortening; HR = heart rate; | = before cardioversion; I| = 4 hours after 
cardioversion; III = 2 weeks after cardioversion; IV = 1 month after cardioversion; 
LA = left atrium. 





reference to the interspace and distance from the ster- 
num. Follow-up recordings were obtained in a similar 
way, with the same transducer position and each subject 
in the same posture as in the first recording. Calculations 
were performed blindly without access to other parame- 
ters or clinical data. 

Results are presented as mean X: SD or median and 
range, or both. Comparisons of the results between 2 
different parameters were obtained using Wilcoxon's 
signed-rank test. 

Heart rate was significantly decreased in the early 
phase after cardioversion. After this phase, heart rate 
was essentially stable. At baseline the left atrium was 
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enlarged, but 1 month after cardioversion the dimension 
was significantly reduced. Both fractional shortening 
and mean value of atrioventricular plane displacement 
were significantly increased 4 hours after cardioversion. 
Further improvement was noticed after 2 weeks and 1 
month (Table II). 

Patients were divided into 2 groups: those with left 
atrial dimension <50 mm (43 + 3, range 40 to 48; group 
I [n = 6]), and those with 2.50 mm (55 + 3, range 52 to 
60; group II [n = 6]) at baseline. Four hours after car- 
dioversion, all patients in group I, and only 1 in group II 
showed evidence of Doppler-recorded A waves (Table I). 
After 2 weeks, all patients had A waves. Doppler A-wave 
signals increased further, and after 1 month the A/E 
ratio was significantly increased compared with that at 2 
weeks. 

During LV filling, the atrium goes through phases of 
passive atrial emptying, diastasis and active atrial empty- 
ing. Most investigators agree that loss of atrial systole, as 
in AF, results in a 20 to 3096 decrease in stroke volume 
and cardiac output.’ The decrease is even more pro- 
nounced in patients with reduced ventricular compliance. 
It has been suggested that the return of normal atrial 
mechanical function may not occur immediately after 
successful cardioversion.? Underlying rheumatic heart 
disease or duration of AF may play a role in the return of 
left atrial mechanical activity.! Pulsed Doppler echocar- 
diography provides a noninvasive method for the quanti- 
fication of blood flow across the mitral valve, thereby 
allowing measurement of the contribution of the left atri- 
al systolic flow to the total LV filling.5 Using this tech- 
nique we found that patients with a relatively small left 
atrial dimension showed A waves (i.e., evidence of me- 
chanical atrial activity) 4 hours after cardioversion, con- 
trasting with those with large left atria who had no A 
waves. 

Conflicting results have been reported regarding he- 
modynamic function after cardioversion of AF to sinus 
rhythm.?-^ Recent studies?? demonstrated that the atrio- 
ventricular plane displacement toward the apex (i.e., sys- 
tolic descent of the base) is a simple and reliable method 
for assessing LV systolic function. In patients with a 
mean atrioventricular plane displacement 210 mm, a 
normal LV ejection fraction could be predicted with high 
sensitivity and specificity.? In the present study, the base- 
line value was 9.5 mm. The increase in myocardial func- 
tion 4 hours after cardioversion may be explained by a 
decrease in heart rate, as well as by the addition of active 
atrial function in most patients. 

The relation of the height of the Doppler-recorded A 
wave to that of the E wave of the transmitral flow was 


used to express the contribution of atrial contraction to 
LV filling. The height of the A wave is dependent on the 
pressure gradient across the mitral valve at end-diastole. 
Because a major change in LV compliance in individual 
patients during the study is unlikely, the height of the A 
wave may be used to reflect the force of atrial contrac- 
tion. In accordance with Starling's law of the heart,!? the 
characteristics of ventricular contraction are a function of 
the ventricular end-diastolic fiber length and pressure. 
Thus, each heart needs a specific end-diastolic pressure 
and fiber length to contract during systole. The atrium, 
through its effects on LV end-diastolic pressure and fiber 
length, is thus capable of modifying ventricular perfor- 
mance. In agreement with the above concept, the contin- 
ued increase in atrial systole resulted in a concomitant 
improvement in LV function up to 1 month without any 
further decrease in heart rate. 

In conclusion, patients with AF showed improved, but 
not completely restored, LV function at an early phase 
after cardioversion to normal sinus rhythm. The increase 
of LV function is probably due to a reduction in heart 
rate, as well as to the addition of active atrial systole. 
Patients with a relatively small left atrium showed evi- 
dence of atrial systole in an early phase after cardiover- 
sion. A subsequent improvement in LV function may be 
explained by a continued increase in atrial pumping ac- 
tivity. 
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Value and Limitations of Transesophageal Echocardiography in 
Evaluating Prosthetic or Bioprosthetic Valve Dysfunction 
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ptimal management of patients with prosthetic heart 

valves requires serial assessment of valve function. 
The addition of Doppler and color flow techniques to 
conventional transthoracic echocardiography (TTE) has 
increased our ability to evaluate prosthetic valve function. 
However, the sensitivity of TTE remains limited in a 
number of patients because of suboptimal precordial win- 
dows or because of ultrasound interference with the non- 
biologic materials composing the prostheses.!? Trans- 
esophageal echocardiography (TEE) allows excellent 
imaging resolution of the cardiac anatomy without inter- 
position of thoracic structures. Recently, TEE has been 
shown to increase the yield of undetected prosthetic valve 
abnormalities by TTE.^* However, most of the TEE 
information relates to biologic prostheses in the mitral 
position.?-? Thus, the purpose of this study was to investi- 
gate the diagnostic accuracy of TEE in evaluating me- 
chanical and biologic prostheses in both aortic and mitral 
positions, and the impact of the TEE information on the 
clinical outcome. 

Ninety-two prosthetic heart valves in 77 patients with 
suspected prosthetic or bioprosthetic valve dysfunction 
were studied by both TEE and TTE techniques. All 
patients presented with 1 or more of the following fea- 
tures: stroke or transient ischemic attacks, regurgitant 
murmurs, fever and malaise, and congestive heart fail- 
ure. The TEE studies were indicated whenever the TTE 
results were either nondiagnostic or inconsistent with the 
clinical impression. The patients' clinical profile, pros- 
thetic valve characteristics and indications for TEE are 
summarized in Table I. 

The TEE and TTE studies were performed using 
commercially available equipment (Acuson, Hewlett 
Packard, or General Electric Medical Systems). The 
TEE studies were performed as previously reported by 
this laboratory.? Antibiotic prophylaxis was given to all 
patients. Both echocardiographic examinations were 
performed within an average of 3 days (range 0 to 14). 

Regurgitation was estimated through the TTE ap- 
proach as previously reported.!?!! Regurgitation 
through the TEE technique used a global visual assess- 
ment. The presence of a short (<10 mm) and narrow 
(<10 mm) systolic jets predominantly encoded in red, 
seen on the atrial aspect of the prosthesis, was considered 
a physiologic backflow. Mitral regurgitation was con- 
sidered mild if the jet reached up to the midleft atrium, 
moderate if it passed beyond the midleft atrium but did 
not enter into the pulmonary veins, and severe if it en- 
tered into the pulmonary veins producing reversal of 


From the Section of Cardiology at Northwestern University Medical 
School, Chicago, Illinois; and the Department of Medicine/Cardiology, 
The University of Texas Health Science Center, 7703 Floyd Curl Drive, 
San Antonio, Texas 78284-7872. Manuscript received September 3, 
1991; revised manuscript received and accepted November 1, 1991. 


systolic flow. Aortic regurgitation was considered mild 
when the jet was restricted to the left ventricular outflow 
tract, and moderate or severe when it was seen beyond 
this level. These studies were reviewed independently by 
2 experienced echocardiographers unaware of angio- 
graphic and surgical data. 

Angiographic estimation of regurgitation was graded 
as mild, moderate and severe using standard criteria.!? 
In 2 patients prosthetic aortic stenosis was confirmed by 
means of the percutaneous left ventricular puncture 
technique and the transseptal catheterization technique, 
respectively. The data were interpreted by angiographers 
unaware of echocardiographic information. 


TABLE I Clinical Profile, Valve Characteristics, and Indications 
for Transesophageal Echocardiography 


Patients 























Men 47 
Women 30 
Mean age (yr) 56 
Range 26-77 
Valve prostheses 92 
Type 
Mechanical 52 
Biological 40 
Position 
Mitral 52 
Aortic 40 
Indications* 
Mitral regurgitation 39 
Aortic regurgitation 22 
Aortic stenosis 5 
Mitral stenosis 5 
Source of emboli 11 
Endocarditis 9 







*More than 1 indication per patient was frequently requested. 


TABLE Il. Comparison of Mitral Regurgitation Graded by 
Transesophageal Echocardiography Versus Transthoracic 
Echocardiography and Surgery or Angiography 








Transthoracic Echocardiography 

















None Mild Moderate Severe Total 








None 


Mild l 3 4 1 9 
Moderate -— c —- 7 7 
Severe e -— — 4 4 
Nondiagnostic 1 l 1 4 7 
Total 16 39 





None 5 
Mild — 2 -— — 2 
Moderate — — — — TALK 
Severe — — — 14 14 
Total 3 4 — 14 21 





TTE = transthoracic echocardiography. 
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TABLE Ill. Comparative Value of TTE and TEE in Regard to 
Possible Sources of Emboli and Endocarditis 


Possible source of emboli (n = 11) 
Thrombus in left atrial appendage 
Thrombus in St. Jude Medical 
Atrial prosthesis septal aneurysm 
Patent foramen ovale 
Vegetation 

Total 
Infective endocarditis (n = 9) 
Mital 
Aortic 
Total 
*The 2 patients with atrial septal aneurysm also had patent foramen ovale; thus, 


there was only 1 case of patent foramen ovale without other possible source. 
TEE = transesophageal echocardiography; TTE = transthoracic echocardiography. 





Table II compares the grading of mitral regurgita- 
tion obtained by TEE against that by TTE, and that by 
surgery or angiography. Underestimation of this lesion 
was consistently seen by TTE. Conversely, TEE agreed 
with angiography or surgery in all cases of mild and 
severe regurgitation. Of the 5 cases of no regurgitation, 
TEE agreed in 3 and overestimated it in 2 cases as mild. 
Furthermore, in the subgroup with severe mitral regur- 
gitation, only 4 were correctly identified by TTE; the 
remaining 12 cases were underestimated as moderate in 
7, mild in 1, and nondiagnostic in 4 because of subopti- 
mal imaging quality. 

In this series, 6 patients with severe mitral regurgita- 
tion underwent surgical intervention on the basis of the 
clinical and TEE information alone. Three of these pa- 
tients had surgically confirmed flail bioprosthetic cusps 
with transvaivular regurgitation (Figure 1) and the other 
3 had paravalvular regurgitation. 





FIGURE 1. Transesophageal image of a patient with a bio- 
prosthetic mitral valve. Note the presence of a thickened cusp 
(solid arrow) and a flail cusp (open arrow). The transthoracic 
study failed to demonstrate the flailing cusp. Severe mitral re- 
gurgitation was seen only by the transesophageal window. 
LA - left atrium. 


Twenty-two aortic prostheses were studied to assess 
regurgitation. A subgroup of 13 (7 mechanical, 6 biolog- 
ic) underwent aortic root angiography. The 2 echo tech- 
niques agreed well with angiography. In 4 surgically- 
proven flail bioprostheses with transvalvular regurgita- 
tion, 3 (75%) were correctly identified by TEE (Figure 
2), and 1 (2596) by TTE. Aortic root angiography and 
surgical intervention were expedited in these patients 
when the anatomic substrate leading to severe regurgita- 
tion was identified. 

Mitral stenosis was the primary concern in 5 patients. 
The Doppler data were considered within the normal 
limits in all cases and both echo techniques agreed with 
each other. On the basis of this information, catheteriza- 
tion was considered unnecessary. The patients' symp- 
toms were attributed to systolic dysfunction in 4 and 
diastolic dysfunction in the remaining patient. 

In this study, prosthetic aortic stenosis was docu- 
mented in 5 patients by Doppler TTE. TEE did not 
provide additional hemodynamic information. In 2 of 
these patients, the pressure gradients were subsequently 
confirmed at catheterization. 

Table III describes the comparative value of the 2 
techniques with regard to possible sources of emboli and 
infective endocarditis. Neurologic events suspected to be 
embolic in origin occurred in 11 patients. TTE identified 
possible sources in 2 (18%), whereas TEE did it in 7 
(64%). Prosthetic endocarditis was suspected in 9 and 
subsequently documented in 7 patients. TTE identified 
vegetations in 2 (29%) and TEE did it in 5 (71%). Three 
of these patients required repeat operation and findings 
consistent with vegetations were documented at the time 
of surgery. 

A major obstacle in echocardiography of artificial 
heart valves involves their nonbiologic components which 
cause multiple artifacts and preclude an accurate assess- 
ment of their structure and function. TEE allows visual- 


- 





FIGURE 2. Transesophageal image of a patient with biopros- 
thetic aortic valve. Note the presence of a flail cusp (arrow), 
which prolapses into the left ventricular outflow tract (Ivot) 
during diastole. The transthoracic study failed to identify this 
abnormality. Severe aortic insufficiency was detected by both 


echocardiographic techniques. AO = aorta; LA = left atrium. 
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ization of the prosthesis from behind, which overcomes 
this problem. 

In assessing prosthetic valve regurgitation, we pro- 
posed a practical approach by means of global visual 
assessment. Using this system, we found a good agree- 
ment between TEE color-coded grading and that ob- 
tained by angiography or surgery, or both. Our study 
demonstrates the superiority of TEE over TTE in assess- 
ing mitral regurgitation and the structural abnormalities 
leading to its dysfunction. In selected patients, TEE can 
avoid the need for angiography and may facilitate opti- 
mal timing for reoperation. Khandheria et al? reported on 
50 patients with mitral prosthesis malfunction associated 
with torn leaflets, vegetations and obstructive thrombi. 
All patients underwent confirmatory cardiac catheteriza- 
tion or surgery, or both after a TEE examination. TEE 
demonstrated an abnormality in 48% of patients who had 
normal results on TTE examination. 

With regard to prosthetic aortic valves, the ultrasound 
beam often encounters this valve in an oblique position. 
This relation precludes a proper evaluation of valve func- 
tion (ball excursion, bioprosthetic cusp opening, degree of 
mechanical leaflet(s) separation). In this regard, TEE did 
not provide additional information to the aortic regurgi- 
tant grading already obtained by TTE. In addition, using 
the single plane TEE, the continuous-wave Doppler is 
impossible to align parallel to the direction of the systolic 
aortic jet to assess stenotic lesions. It is unknown whether 
using biplane TEE will overcome this limitation. How- 
ever, in detecting morphologic abnormalities such as veg- 
etations or torn cusps, TEE is superior to TTE. 

In conclusion, the close proximity between the esopha- 
gus and the left atrium, the ability to use high-frequency 
transducers, and the absence of artifacts interfering with 
the ultrasound beam, make TEE the technique of choice 
to evaluate suspected prosthetic mitral valve dysfunction. 


However, in the presence of a patient with clinically sus- 
pected prosthetic aortic valve dysfunction, a TTE exami- 
nation should be performed first. If the information pro- 
vided is insufficient or clinically inconsistent, a TEE 
study is warranted. 
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Results of Urgent or Emergency Repair for Symptomatic Infants 
Under One Year of Age with Single or Multiple Ventricular Septal 


Defect 


Delores Danilowicz, MD, Salvatore Presti, MD, Stephen Colvin, MD, Aubrey Galloway, MD, 


Alan Langsner, MD, and Eugenie F. Doyle, MD 


epair of ventricular septal defects (VSDs) in symp- 

tomatic infants aged <1 year previously had a high 
mortality and led to the use of pulmonary artery banding 
for many years.' As improvements in techniques (surgi- 
cal, open-heart, instrumentation, myocardial preserva- 
tion, anesthesia and postoperative care) occurred, the use 
of pulmonary artery banding for an isolated VSD de- 
creased, and in many centers stopped completely.* We 
report the results of VSD repair in 54 unselected infants 
who presented with congestive heart failure that had lim- 
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ited or no improvement with medical treatment. The 
types of VSDs and the associated defects are reported, as 
well as in-hospital and follow-up mortality and morbidity. 

Fifty-four infants with various types of VSDs pre- 
sented with congestive heart failure, recurrent respira- 
tory infections, poor weight gain and limited response 
to medical management. Diagnoses were obtained by 
echocardiography and cardiac catheterization, although 
some modification of the type of VSD occurred when the 
defect was actually visualized in the operating room. 
The defects, classified from the operative note descrip- 
tion, were as follows: membranous (conotruncal), mus- 
cular (trabecular), posterior inlet (atrioventricular canal 
type), supracristal (outflow) and multiple? The mal- 
alignment VSD and the double outlet right ventricle were 
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TABLE | Types of Ventricular Defects and Associated Cardiac 
Defects 


Membranous (conotruncal) 21 
Membranous (malalignment) 
Posterior inlet (AV canal type) 


RVOT hypertrophy, ARVMB 
Subaortic ledge 
Coarctation of aorta 
Interrupted aortic arch 
6(1)* Large patent ductus 
9 (2)* Large atrial defect 
54 (3)* 
*Numbers in parentheses are early deaths. 


AV = atrioventricular; ARVMB = anomalous right ventricular muscle bundle; 
RVOT = right ventricular outflow tract. 


Isolated muscular 
Double-outlet right ventricle 
Multiple 

Total 


listed as subsets (Table I). There were 27 membranous 
VSDs, 6 of which were malalignment in type. There were 
8 posterior inlet, 4 isolated muscular and 9 multiple 
VSDs; 6 children had double-outlet right ventricle de- 
fects. Of children with multiple VSDs, the combinations 
seen were: large membranous with 1 muscular VSD in 3, 
large membranous with 4 small to moderate muscular 
defects in 1, large posterior inlet with 2 muscular VSDs 
in 1, large posterior inlet with 3 muscular defects in 1, 
and multiple muscular defects of variable size in 3 chil- 
dren (1 child with 2 defects, 1 with 3, and 1 with 4). 
Associated cardiac defects (Table I), diagnosed before 
surgery and repaired at the same procedure using a 
median sternotomy, included right ventricular outflow 
tract or anomalous right ventricular muscle bundle hy- 
pertrophy in 4 patients, subaortic ledge in 2, interrupted 
aortic arch in 1, coarctation of the aorta in 2, large patent 
ductus in 1, and large atrial septal defect in 1. Two 
children had previous operations for coarctation, 1 as a 
newborn, and the other aged 7 weeks (the latter with 
pulmonary artery banding). Many infants had a probe 
patent ductus or stretched foramen ovale, or both. Three 
children had Down syndrome, 3 had associated noncar- 
diac anomalies with normal chromosomes, and 1 had 
sickle cell disease. Two patients were born prematurely, 
1 with an omphalocele repaired at birth. 

The 54 infants (30 male and 24 female) ranged in age 
from 10 days to 11 months and weighed from 2.7 to 7.5 
kg. The VSD was patch-closed through the tricuspid 
valve in all isolated defects. Ventriculotomies were 
avoided when possible. Seven infants were repaired using 
circulatory arrest with profound hypothermia, whereas 
the remaining 47 had low-flow, moderate body/pro- 
found myocardial hypothermia. Three deaths occurred 
early, 2 in the circulatory arrest group, and 1 in the low- 
flow group. A child with multiple VSDs had an effective 
repair with good cardiac function, but died in the recov- 
ery room from an uncontrollable coagulopathy. This 
infant had a previous coarctation repair with ineffective 
pulmonary artery banding. Two children died in the op- 
erating room from low cardiac output; 1 had a double- 
outlet right ventricle with a restrictive VSD, and the 
other had multiple VSDs. Both children needed addi- 
tional pump runs, 1 to repair an abnormal mitral valve 
not recognized before surgery, and the other to undergo a 
left ventriculotomy to patch-close a remaining VSD. The 
latter child also had severe biventricular and septal hy- 
pertrophy, suggestive of a hypertrophic myopathy. 
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Fifty-one children were discharged from the hospital 
(94% survival), with follow-up ranging from 1 to 7 years 
(mean 3.3 + 0.3). There have been 3 late deaths, which 
will be detailed later. Forty-five children have had nor- 
mal growth and development after surgery. The 3 chil- 
dren with Down syndrome, the 2 with noncardiac con- 
genital anomalies and the 1 with sickle cell disease have 
had varying degrees of mental or growth retardation, or 
both. 

Of the 21 children with "routine" membranous 
VSDs, 1 had a junctional rhythm that has persisted (2 
years after surgery), but with rate increases during exer- 
cise so that a pacemaker has not yet been needed. This 
child was born prematurely (1,600 g) and also had resec- 
tion of an anomalous right ventricular muscle bundle at 
the time of VSD repair. Another child developed heart 
block for which a pacemaker was placed. At 11 months 
of age, the child was found to be in normal sinus rhythm, 
and this has persisted to the present age of 3.5 years. 
There were no early or late cardiac deaths in this group. 
Two late deaths occurred from a brain tumor and from 
aspiration pneumonia, the latter in a child with multiple 
noncardiac congenital anomalies. Of the 6 children with 
malalignment VSDs, there were no deaths or complica- 
tions. One child had resection of right ventricular muscle 
bands and a subaortic ledge, another had resection of 
hypertrophied right ventricular muscle, and both are 
being followed for development of obstruction that has 
not occurred at 2 and 3 years, respectively, after surgery. 
Of the 8 children with posterior inlet VSDs, there were no 
deaths. Three children have small residual shunts. Of 
the 4 children with isolated muscular VSDs, there were 
no deaths. One child had atrioventricular dissociation 
for 5 days, which reverted to normal sinus rhythm and 
persists as such 2.5 years later. Another child has a tiny 
residual VSD. Of the 5 surviving children with double- 
outlet right ventricles, 1 has a small residual VSD at the 
edge of the deviating patch. Two children developed 
rhythm problems; the first needed enlargement of a re- 
strictive VSD and had heart block for 2 weeks before 
returning to normal sinus rhythm. Nine months after 
surgery she remains in normal sinus rhythm, but is de- 
veloping a systolic gradient between the right ventricle 
and pulmonary artery. The other child had a subaortic 
ledge resection and was in heart block for 1 week. Nor- 
mal sinus rhythm returned by discharge, but variable 
heart block recurred 2 months later. A demand pace- 
maker was placed at 8 months of age as resting rates 
Slowed. A tiny residual shunt was present by color Dopp- 
ler. 

Of the 7 surviving children with multiple VSDs, there 
was 1 late death. This child developed renal failure that 
cleared after a week of peritoneal dialysis. During this 
time, heart block was initially present, followed by a 
junctional rhythm. Heart rate increased appropriately 
during exercise, and she then did well for 3.5 years, dying 
suddenly at home while on antibiotics for a respiratory 
illness. Postmortem examination revealed pneumonitis 
in both lungs, with medial hypertrophy of the arterioles. 
There was no residual VSD, but there was moderate 
endocardial fibroelastosis in both right and left atria and 
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ventricles, with cardiac chamber dilatation. In another 
child, atrioventricular dissociation was present for 6 
days before reverting to normal sinus rhythm, which has 
persisted during 2.5-year follow-up. All but 1 of the 
surviving children with multiple VSDs were repaired 
through the tricuspid valve with patch closure of the 
large VSD and either patch or suture closure of the 
accessible muscular components. When a muscular VSD 
was small and inaccessible from the right side, it was 
elected in 3 children not to perform a left ventriculotomy, 
which may compromise myocardial function. Six of the 
7 surviving children have a small residual VSD. One 
child had a left ventriculotomy to patch-close 3 inferior 
muscular VSDs after patch repair of the large membra- 
nous VSD through the tricuspid valve. 

Most centers involved in cardiovascular surgery of 
infants with congenital heart disease have been choosing 
to repair defects at an earlier age, rather than performing 
palliative procedures.*? Because of the improvement in 
all aspects of care and techniques, the mortality for many 
neonatal and early infant operations has continued to 
decrease. Earlier repair may prevent damage to the aortic 
valve in children with supracristal VSDs and is also 
thought to result in better myocardial function with fewer 
late dysrhythmias, especially if ventriculotomy can be 
avoided. At the present time, the mortality and morbidity 
of repair of any isolated VSD is as low (if not lower) as 
that of the combined banding and eventual takedown and 
repair. In this unselected series, there were no cardiac 
deaths (early or late) in the repair of the isolated defect 
(regardless of type), even when associated with other 
diagnosed cardiac anomalies repaired at the same time. 
Therefore, pulmonary artery banding is seldom (if ever) 
indicated in the critically ill infant with an isolated VSD. 
With the improvement in echocardiographic and cinean- 
giographic studies, an incorrect diagnosis or a totally 
missed associated lesion would be less likely. Unless a 
question of pulmonary vascular disease or associated de- 
fects makes catheterization necessary, many of these chil- 
dren may no longer need this procedure, because trans- 
thoracic and transesophageal echocardiographic Doppler 
studies are usually anatomically diagnostic. 

For the more complex VSD, especially multiple and 
double-outlet right ventricle, repair has had a much high- 


er risk, even in older children." When an infant with 
either of these types of VSDs is aged <1 year, pulmonary 
artery banding may still be an option in some centers. In 
infants with double-outlet right ventricle and a restrictive 
VSD, palliative banding is often not a good choice, be- 
cause it may lead to more rapid closure of the VSD. In 
infants with multiple VSDs, banding may remain a viable 
choice if repair at an older age and larger size results in a 
lower mortality and decreased need for left ventriculot- 
omy. However, the effect of delaying complete repair on 
long-term myocardial function and incidence of dys- 
rhythmias has yet to be evaluated. 

More recently, the procedure of using catheter closure 
for VSDs has been introduced, although the size of the 
child, and the location of the VSD are limiting factors." 
The clamshell device can be used in very small infants by 
direct insertion in the operating room when the delivery 
catheter is too large for routine venous or arterial access. 
This may avoid a left ventriculotomy and may also short- 
en bypass time. The combination of a definitive open- 
heart repair with either closure of muscular VSDs by 
catheter technique before operation or direct use of the 
clamshell device in the operating room may supplant the 
use of palliative banding, even in small infants with multi- 
ple VSDs. 
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Effects of Acute and Chronic Alcohol Consumption on Postprandial 
Lipemia in Healthy Normotriglyceridemic Men 


H. Robert Superko, MD 


he contribution of alcohol to the atherosclerotic pro- 
cess is controversial. Epidemiologic studies suggest 
that it has a beneficial effect on the incidence of coronary 
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events and moderate drinkers have less coronary heart 
disease then nondrinkers.! The amount consumed, and 
the manner in which it is consumed, may be a factor. 
Autopsy studies indicate that alcoholics have less athero- 
sclerosis than moderate or nondrinkers.? Alcohol is typi- 
cally consumed in 2 settings, without food or with meals. 
During a typical 24-hour day, 80% of the time is spent in a 
postprandial state that involves elevations in postprandial 
triglyceride-rich lipoproteins that may contribute to ath- 
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Triglycerides 


2-Hour Change 4-Hour Change 


A:W/O ETOH 114 + 64 78 + 46 84 + 55 
B:W/O ETOH 101 + 43 73 € 51 105 + 63 
A:ETOH 86 + 41 118 + 47 151 + 88* 
B:ETOH 92 + 42 126 + 75* 159-2 Ttg 


LDL Cholesterol 


O-Hour 2-Hour Change 


A:W/O ETOH 127. 39 
B:W/O ETOH fen 531 
A:ETOH iae 39 
B:ETOH 127 x35 


*= p «0.05 
Values are mean + SD. 


4-Hour Change O-Hour 
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Total Cholesterol 


4-Hour Change 


O Hour 2-Hour Change 


240 + 124 200 + 41 
252 + 141 193 + 38 
387 + 158* 198 + 44 
411:5.210* 195 + 38 


HDL Cholesterol 


2-Hour Change 4-Hour Change 


49.3 + 13 
49.8 + 11 
49.6 + 11 
49.4 + 11 


A:ETOH = condition A (abstinence from alcohol) with acute alcohol 'n the meal; A:W/O ETOH = condition A without acute alcohol in the meal; B:ETOH = condition B (daily alcohol 
consumption of 3 to 6 oz) with acute alcohol in the meal; B. W/O ETOH = condition B without acute alcohol in the meal; LDL = low-density lipoprotein; HDL = high-density lipoprotein. 


erosclerosis.? To clarify the effect of alcohol ingestion on 
postprandial lipids, we investigated the effect of consum- 
ing alcohol on fasting and postprandial triglyceride and 
lipoprotein cholesterol when the alcohol was consumed 
with food and without food during conditions of chronic 
alcohol ingestion or abstinence. The interaction of chron- 
ic and acute alcohol consumption on postprandial lipemia 
may shed light on the manner in which alcohol affects 
lipids and lipoprotein cholesterol, and consequently ath- 
erosclerosis. 

Twelve healthy male subjects who routinely con- 
sumed 3 to 6 oz of alcohol per day were recruited. Sub- 
jects were taking no medications, and were not over- 
weight. Subjects were randomly assigned to condition A 
(abstinence from alcohol) or condition B (daily alcohol 
consumption of 3 to 6 oz) for 2 weeks followed by cross- 
over to the alternate condition. After each 2-week period, 
the test meal was served at 8A.M. on 2 separate days. One 
day the test meal was randomly assigned to include 60 g 
of vodka and the other test meal did not include alcohol. 
Thus, each participant underwent 4 postprandial tests, 
condition A with acute alcohol in the meal (A:ETOH), 
condition A without acute alcohol in the meal (A:W/O 
ETOH), condition B with acute alcohol in the meal 
(B:ETOH) and condition B without acute alcohol in the 
meal (B:W/O ETOR). Diets were maintained constant 
throughout the protocol. 

Blood samples, heart rate and blood pressure were 
obtained in the fasting state, and 2 and 4 hours postpran- 
dial. The test meal was administered at 8A.M. after a 12- 
hour fast. The meal was composed of 267 g of "half & 
half," 36 g of sunflower oil, 10 g of cornstarch, 10 g of 
sugar, 22 g of egg yolk. The total weight was 345 g and 
administered as 5.3 g/kg body weight. For the nonalco- 
hol meal, 42 g of sugar was added to compensate for the 
additional calories from the alcohol. Alcohol added to 
meals included 60 g of vodka. The composition of the 
meal was, 80% fat, 15% carbohydrate, 3.2% protein, 
polyunsaturated to saturated fat ratio = 1.0. Triglycer- 
ides and high-density lipoprotein (HDL) cholesterol 
were determined by enzymatic methods and the labora- 





tory maintained standardization through the National 
Heart, Lung, and Blood Institute Center for Disease 
Control Lipoprotein Standardization Program. Low- 
density lipoprotein (LDL) cholesterol was determined by 
the indirect method of Friedewald for the fasting blood 
values and by direct 8 quantification for the 4- and 8- 
hour postprandial samples. The alcohol-free meal dur- 
ing condition A was used as the control test since it 
reflects fasting and postprandial values unaffected by 
acute or chronic alcohol consumption. Student's t test 
using independent variables was used within a condition 
to test for significance of change between 0 to 2 and 0 to 4 
hours. Analysis of variance with post hoc comparison by 
least significant difference test was used to determine 
significance of difference between the 4 test meal condi- 
tions. The area under the 0- to 4-hour triglyceride re- 
sponse curve was geometrically calculated using the 0- 
hour values as the base. Data analysis was performed 
using the StatSoft statistical package. 

Baseline evaluation revealed the following character- 
istics (mean + SD): age 32 + 9 years, weight 70.1 + 6 kg, 
heart rate 54 + 8 beats/min, systolic blood pressure 118 
+ 6 mm Hg, diastolic blood pressure 79 + 10 mm Hg, 
triglycerides 101 + 80 mg/dl, total cholesterol 196 + 34 
mg/dl, LDL cholesterol 126 + 31 mg/dl, HDL cholester- 
ol 50.6 + 11 mg/dl. 

Blood pressure and heart rate were determined at 0, 2 
and 4 hours during all 4 conditions and revealed no 
significant difference. 

Plasma triglyceride increased significantly from 
fasting values at 2 (p <0.02) and 4 (p «0.001) hours 
after the meal in all conditions. The triglyceride increase 
in condition A or B without acute alcohol, or, in condi- 
tion A or B with acute alcohol, were similar (Table I). 
The addition of alcohol to the test meal resulted in a 
significantly greater triglyceride increase in condition B 
at 2 hours (p <0.05) and condition A and B at 4 hours (p 
<0.05). The area under the triglyceride response curve 
was significantly increased for A:ETOH (p <0.03) and 
B:ETOH (p <0.02) but not B[:W/O ETOH (p = 0.8) 
(Figure 1). When A:W/O ETOH was compared with 
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B:W/O ETOH, no significant difference was seen. Like- 
wise, comparison of A:ETOH and B:ETOH revealed no 
significant difference. 

LDL cholesterol tended to decrease at 2 and 4 hours 
in all conditions except B:W/O ETOH. B:W/O ETOH 
revealed a significant (p <0.05) blunting of the post- 
prandial LDL cholesterol reduction. HDL cholesterol 
did not change significantly in any postprandial condi- 
tion. 

This investigation addressed 3 questions. (1) Does 
alcohol consumed with a meal alter postprandial lipemia 
in alcohol abstainers? Compared with the control condi- 
tion, alcohol with the test meal significantly increased (p 
<0.05) postprandial lipemia. (2) Does daily alcohol con- 
sumption alter postprandial lipemia when alcohol is not 
consumed with the meal? Compared with the control 
condition, daily alcohol consumption did not alter post- 
prandial lipemia when the test meal was consumed alco- 
hol-free. (3) Does daily alcohol consumption alter post- 
prandial lipemia when alcohol is consumed with the 
meal? Compared with the control condition, daily alcohol 
consumption and a meal with alcohol resulted in a signifi- 
cant increase in postprandial lipemia but was similar to 
the abstinence condition and alcohol meal test. 

Other investigators have demonstrated that plasma 
triglyceride and lipoprotein cholesterol concentration 
change during the postprandial hours and follows a pat- 
tern of increased triglyceride, stable total cholesterol, de- 
creased LDL and variable HDL cholesterol.^ In our in- 
vestigation, triglyceride concentration increased in all 
postprandial states, but acute consumption of alcohol 
with a meal resulted in significantly greater triglyceride 
increase at 2 and 4 hours. This may be of importance 
because of the atherogenicity associated with triglycer- 
ide-rich particles.? Social drinking appears to result in a 
hypertriglyceridemic response in persons with type IV 
hyperlipidemia but not in normal subjects. Similarly, 3 
of the 12 subjects in our investigation consistently had 
fasting triglyceride concentration 2130 mg/dl and dem- 
onstrated a postprandial triglyceride response at 2 and 4 
hours, substantially greater than the other participants. 
However, 3 other subjects during B:ETOH had normal 
fasting triglyceride values (81, 79, 90 mg/dl), which in- 
creased to elevated levels 4 hours postprandial (410, 252, 


FIGURE 1. Mean fasting and postprandial 


<0.03) and condition B (daily alcohol con- 
sumption of 3 to 6 oz) with acute alcohol 
in the meal (B:ETOH) (p «0.02) than for 
condition A without acute alcohol in the 
meal (A:W/O ETOH). 
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TABLE II Individual Variation in Plasma Triglyceride (mg/dl) 
Response to a Meal with Alcohol 


Hour 





*Normal fasting triglyceride but elevated postprandial response. 


349 mg/dl) (Table II). This indicates that postprandial 
triglyceride response unmasks differences in postprandial 
lipemia not appreciated from fasting values. A similar 
observation has been reported in subjects with the a/p 
allele.’ 

Differences in lipoprotein cholesterol measurement 
methodology can affect very low density lipoprotein 
(VLDL) and LDL cholesterol values in both the fasting 
and postprandial state.* Cohn et al^ demonstrated that 
lipoprotein cholesterol determined by the Friedewald cal- 
culation method results in a fasting VLDL cholesterol 
concentration significantly less (p <0.01) and LDL cho- 
lesterol significantly greater (p <0.01) than that seen 
by the Lipid Research Clinic direct 8 quantification 
method. In a postprandial state, VLDL cholesterol by the 
Friedewald formula were significantly greater (p <0.01) 
and LDL cholesterol significantly less (p <0.01). They 
suggest that this measurement difference may be due to 
change in particle precipitation characteristics due to 
postprandial change in particles size, or a change in apo- 
protein distribution. Because all postprandial samples 
were analyzed after ultracentrifugation, the significant 
differences between conditions reflect a true difference, 
although the absolute values fall prey to this methodo- 
logic source of error. 
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In our investigation, greater LDL cholesterol post- 
prandial reduction was seen during the abstinence phase 
compared with chronic alcohol consumption only when 
the meal was given without acute alcohol. When the meal 
was given with alcohol, similar amounts of postprandial 
LDL cholesterol reduction was observed. Thus, while 
chronically consuming alcohol, alcohol consumed with a 
meal results in a similar amount of LDL cholesterol post- 
prandial reduction as chronically abstaining from alcohol 
consumption. On the other hand, chronic alcohol con- 
sumption may result in less postprandial LDL cholesterol 
reduction when a meal is consumed without alcohol. 

Investigators have previously determined that in a 
group of 9 healthy men, an acute whiskey load (100 ml) 
in a fasting state without a meal, results in significant 
increases in postprandial VLDL cholesterol, HDL cho- 
lesterol ester, and significant inhibition of hepatic lipase 
activity. Our study suggests that a meal with alcohol 
compounds these alterations. Moore et al? suggested that 
the beneficial association of alcohol consumption and 
cardiovascular mortality may be due to factors other than 
mechanisms suggested by other investigators including 
platelet aggregation, fibrinolytic activity, and HDL2/ 
HDL3 balance. Similarly, we propose that the effects of 
alcohol on postprandial lipemia may help explain the 
relation of acute and chronic alcohol consumption to cor- 
onary heart disease mediated by lipid and lipoprotein 


cholesterol change. Alcohol with a meal significantly in- 
creases postprandial lipemia and potentially atherogenic 
lipoprotein particles that are not evident during the fast- 
ing state. Some persons exhibit an enhanced postprandial 
response to a meal containing alcohol despite fasting tri- 
glyceride concentrations S90 mg/dl. The clinical appli- 
cation of this information awaits further investigations. 
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Usefulness of Intravascular Ultrasound Imaging for Detecting 
Experimentally Induced Aortic Dissection in Dogs and for Determining 
the Effectiveness of Endoluminal Stenting 


Douglas M. Cavaye, FRACS, Rodney A. White, MD, Robert D. Lerman, MD, George E. Kopchok, BS, 
Marwan R. Tabbara, MD, Francois Cormier, MD, and William J. French, MD 


AS thoracic aortic dissection is a life-threatening 
disorder, with frequency of approximately 2,000 new 
cases per year in the USA. Overall mortality remains 
high despite advances in both operative and nonoperative 
management.! Critical variables in determining treat- 
ment options and outcome are the exact anatomic loca- 
tion of the lesion and the premorbid general condition of 
the patient. Diagnostic techniques include angiography, 
computerized tomography, magnetic resonance imaging, 
and transthoracic and transesophageal echocardiogra- 
phy. Each of these techniques has limitations related to 
the method of image production and resolution.? Recent 
advances in catheter-based technology have provided de- 
vices suitable for both diagnosing aortic dissection and 
treating the lesion without recourse to major surgery. 
Intravascular ultrasound is a rapidly developing method 
for defining luminal and transmural anatomy of vascular 
structures.) It is capable of producing high-resolution 
images of acute aortic dissection, and may have advan- 
tages over conventional imaging techniques in identifying 
the origin and distal end point and relation of the false 
lumen to major visceral aortic branches.^ Intravascular 
balloon-expandable stents have been used to successfully 
obliterate acute aortic dissections in dogs, but require 
total occlusion of the aorta during deployment as the 
balloon is expanded to force the stent against the aortic 
wall. Recently available self-expanding stents have the 
potential advantages of higher flexibility and a deploy- 
ment mechanism that does not obstruct blood flow during 
insertion. 

Six adult mongrel dogs (mean weight 25 kg) were 
premedicated with intravenous thiopentene (2.5%, 0.3 
ml/kg). After general anesthesia and endotracheal intu- 
bation, transducer-tipped pressure monitoring catheters 
(Millar Instruments, Inc., Houston, Texas) were placed 
in the aortic arch and abdominal aorta through the left 
carotid and left femoral arteries. Electrocardiographic 
monitoring and cautery leads were applied and the dog 
placed on the operating table in the supine position with 
the head and thorax rotated 45? to the right side. A 9Fr 
hemostatic arterial sheath was placed in the right femo- 
ral artery. After baseline intravascular ultrasound imag- 
ing of the descending thoracic and abdominal aorta, 
recording of baseline arterial pressures and blood gas 
analyses, an acute thoracic aortic dissection was created 
surgically using a technique previously described by 


From the Departments of Surgery and Medicine, Division of Cardiolo- 
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tute, Harbor-UCLA Medical Center. Manuscript received September 
19, 1991; revised manuscript received and accepted November 1, 1991. 


Carney et al? Through a left thoracotomy, a 5 cm seg- 
ment of thoracic aorta immediately distal to the origin of 
the left subclavian artery was isolated between clamps 
and its intercostal branches ligated. A transverse aortot- 
omy was performed and the inner and outer layers of the 
media of the distal aortic edge were seperated using a 
spatula. This plane of dissection was extended 2 cm 
distally and the inner layer of media was imbricated 
using 7-O polypropylene (Proline®, Ethicon, Summer- 
ville, New Jersey) suture. The aortotomy was closed 
using a continuous 6-O Proline suture, and clamps re- 
moved. Video and 35 mm cineangiographic images were 
recorded at baseline, after aortic dissection and after 
insertion of the stent. 

Two-dimensional intravascular ultrasound images 
were generated using an 8Fr, 65 cm long intravascular 
ultrasound catheter with a 20 MHz fixed transducer and 
rotating beam-deflecting mirror at its tip (Cardiovascu- 
lar Imaging Systems, Inc. Sunnyvale, California). Real- 
time, 360° cross-sectional images of the thoracoabdom- 
inal aorta were displayed in high-resolution gray scale 
with on-screen computerized morphometric analysis of 
dimensions. Images were obtained at consecutive, longi- 
tudinally aligned 1 cm intervals and also as complete 5 
cm long pullbacks, before and after creation of the dis- 
section and after stent insertion. 

Three-dimensional computerized intravascular ul- 
trasound image reconstruction was performed by rapid 
sampling of a longitudinal series of consecutive 2-di- 
mensional intravascular ultrasound images (Image- 
Comm Inc., Santa Clara, California). To obtain the 2- 
dimensional images, the intravascular ultrasound cathe- 
ter was positioned at the proximal end of the aortic 
segment to be reconstructed, and the catheter manually 
withdrawn through the vessel at a rate of 1 cm/4 s. A 5.0 
cm length of aorta was reconstructed from 90 images 
acquired during the 20-second "pullback." The aorta 
segment was then viewed in a longitudinal 2-dimensional 
view, and the image density threshold adjusted to opti- 
mize differentiation of structures. The 3-dimensional 
images were displayed as either complete aortic seg- 
ments or in longitudinal section in any desired projec- 
tion. 

A 16 mm diameter, 5 cm long self -expanding braided 
alloy intravascular stent (Schneider Stent Inc., Plym- 
outh, Minnesota) was deployed across the proximal site 
of dissection entry under fluoroscopic control in 5 of the 
6 dogs. One dog was used as a control to confirm the 
model of acute aortic dissection. Because the diameter of 
the stent deployment catheter was larger than the canine 
femoral artery, it was necessary to expose the distal 
aorta via a left extraperitoneal incision and insert the 
device through an infrarenal aortotomy. 
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After 30 minutes, the dogs were killed and the entire 
thoracoabdominal aorta was preserved using in situ 
formaldehyde perfusion at 100 mm Hg pressure. Histol- 
ogy was performed using Van Gieson's and trichrome/ 
elastin stains. Dogs used in this study received humane 
care in compliance with the "Principles of Laboratory 
Animal Care" formulated by the National Society of 
Medical Research and the study was approved by the 
institutional review committee. Results were compared 
using analysis of variance with significance defined as p 
«0.05. 

Acute thoracic aortic dissections were confirmed in all 
dogs, by observation of the thoracic aorta after clamp 
removal, intravascular ultrasound, cinefluoroscopy, anal- 
ysis of the proximal/distal aortic pressures and histologic 
examination. Mean dissection length was 10 cm (range 5 
to 17 cm) measured by angiography, 12 cm (range 7 to 19 
cm) seen by intravascular ultrasound, and 11 cm (range 8 
to 16) by histology. There was no statistical difference in 
dissection length as measured by each technique (p 
70.05). The mean proximal/distal aortic pressure gradi- 
ents were 0 mm Hg before dissection, 62 mm Hg after 


S 


FIGURE 1. Two-dimensional intravascular ultrasound images 
of aortic dissection before (top) and after (bottom) intravascu- 
lar stent deployment. a = ultrasound catheter artifact; d = dis- 
section flap; f = false lumen; t = true lumen; w = aortic wall; 
arrows — stent struts. 





dissection, and 18 mm Hg after stent insertion, with the 
differences being significant (p <0.01). One dog devel- 
oped fatal cardiorespiratory failure, hypoxemia and aci- 
dosis immediately after stent deployment. Intravascular 
ultrasound illustrated the luminal and transmural aortic 
morphology associated with aortic dissection and stenting 
and clearly showed the true and false lumens, dissection 
flap, distal dissection end point and stent (Figures 1 and 
2). On-screen morphometry allowed measurement of 
transverse luminal diameters, cross-sectional areas and 
dissection length. 

The intravascular stent was successfully deployed in 
all study dogs with stents inserted (n = 5). The dissection 
flap was displaced against the wall of the aorta obliter- 
ating the false lumen, resulting in return of anterograde 
aortic blood flow and marked reduction in the proximal/ 
distal aortic pressure gradient. 

This study confirmed the use of 2- and 3-dimensional 
intravascular ultrasound in identifying the important pa- 
rameters required for successful endoluminal stenting of 
acute aortic dissection. These parameters are (1) site of 
proximal entry point and distal extent of the dissection; 
(2) relationship of the false lumen to major aortic 
branches; (3) measurement of aortic dimensions to allow 
selection of correct stent size; and (4) confirmation that 
the stent is being deployed in the true lumen, to obliterate 
the false lumen. The self-expanding stents were capable 





FIGURE 2. Top, 3-dimensional intravascular ultrasound im- 
age of aortic dissection before stent insertion showing the dis- 
section flap (d) and end point (ep). After intravascular stent 
deployment the dissection flap is forced against the aortic wall 
by the stent (arrows), leaving a residual false lumen (f) filled 
with stagnant blood. t = true lumen; o = lumbar artery orifice. 
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of displacing the dissection flap and compressing the false 
lumen, resulting in return of pulsatile anterograde aortic 
flow and distal perfusion. 

In conclusion, intravascular ultrasound guided self- 
expanding intravascular stent deployment is an exciting 
new method allowing combined percutaneous diagnosis 
and treatment of acute aortic dissection in a canine mod- 
el. The combination of these 2 recently developed cathe- 
ter-based technologies challenges the clinician treating 
acute aortic dissection to reconsider the controversy of 
surgical versus medical treatment, and to consider a pos- 
sible third alternative. 
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Increased Left Ventricular Mass in Patients with Lateral Low-Voltage 


Electrocardiograms 


Sriharsha Velury, MD, and David H. Spodick, MD, DSc 


igh R or S voltage is a relatively specific electrocar- 

diographic indicator of left ventricular (LV) hyper- 
trophy. Low voltages are common in hospital patients, 
frequently interfering with electrocardiographic sensitiv- 
ity for LV hypertrophy. The R voltage ratio between 
leads V; and V; (RV&RV;) is a relatively good indica- 
tor of LV hypertrophy,! and sometimes identifies in- 
creased LV mass when other criteria fail? Thus, we 
investigated RV&RVs to see if it was independent of 
absolute voltages. Because RVg» RV; in a consecutive 
unselected echocardiographic laboratory population had 
a 57% sensitivity and a 91% specificity for LV hypertro- 
phy, and compared well with Cornell voltage (41%, 
100%) and Romhilt-Estes point score (39%, 97%),! we 
investigated whether RV&:RV s would also apply at low 
voltages in leads V5 and Vg (which excludes criteria 
highly dependent on voltages in these leads). We exam- 
ined a new series of 50 consecutive, but this time selected, 
patients studied in the echocardiography laboratory who 
had low QRS voltage in V5 and V¢, and again compared 
performance of the ratio with other standard criteria in 
identifying increased LV mass. 

Loss of electrocardiographic voltage occurs relatively 
often in seriously ill patients and is frequently associated 
with metabolic abnormalities and other factors like pleu- 
ral effusion and pulmonary emphysema? that diminish 
total and especially lateral precordial voltage. Since such 
patients would not acutely lose hypertrophic cardiac 
mass, we reexamined the ratio in 2 groups selected for 
low absolute voltage. 

To examine the operation of the ratio, we selected 50 
electrocardiograms with R+S voltage in Vs and Vs «10 
mm, 25 with RVs>RVs5 and 25 with RV;«RV;. Echo- 
cardiographic LV mass was calculated by the Penn Con- 
vention: LV mass = 1.04 (LV internal diameter + poste- 
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rior wall thickness + ventricular septal thickness) 3 — 
(LV internal diameter) 3 — 13.6. LV mass 2-214 g was 
considered increased. The results for RVg» RV; were 
compared with Cornell voltage and Romhilt-Estes score 
(without its lateral R voltage criteria.) For Cornell crite- 
ria, SV; + RaVL 221 mm is abnormal for women and 
2 28 mm for men.‘ For modified Romhilt-Estes score, 
PVI terminal force, left-axis deviation, ST changes, pro- 
longed QRS, and late intrinsicoid deflection were mea- 
sured; 2.5 points is abnormal.’ 

Of the 50 consecutive patients with low lateral volt- 
age (25 on each side of the RV¢:RVs ratio), 35 had 
abnormally increased LV mass as tabulated in Table I 
with the performance of each set of criteria. Four pa- 
tients, all in the RVs>RVs group, had evidence of ante- 
rolateral infarction (Q in Vs or Vs); each had increased 
LV mass. 

The sensitivities, specificities, predictive values and 
accuracies show RVG» RV; to perform poorly with both 
sensitivity and specificity <50%, despite a patient popu- 
lation selected by referral for echocardiography with a 
probable high prevalence of LV hypertrophy. Unfortu- 
nately, the other criteria also performed poorly, although 
Romhilt-Estes criteria were handicapped by necessarily 


TABLE I Performance of Echocardiographic Criteria to Identify 
Increased Left Ventricular Mass 


LV Mass (g) Sensi- 
tivity 
(%) 


2214 <214 


RVs and RV5 « 10 mm 
RVs > RV5 + 


COR + 
R-E + 


ACC = accuracy; COR = Cornell voltage; ECG = electrocardiogram; LV = left 
ventricular; PPV = positive predictive value; R-E = Romhilt Estes score (modified); + 
= positive for LV hypertrophy; — = negative for LV hypertrophy. 
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excluding lateral voltage. Cornell criteria include only R 
voltage in aVL and S voltage in V; and may escape 
lateral voltage reduction. Although both Cornell and R- 
E criteria had a large reduction in sensitivity, specificity 
for Cornell voltage (87%) and Romhilt-Estes modified 
point score (73%) were far better than for RV¢:RV; 
(47%). 

The negative result is of potential value for 2 reasons: 
(1) The voltage ratio is demonstrated not to operate at all 
voltage levels. This may be partly due to the difficulty of 
accurate ratio measurement on any single electrocardio- 
gram at low voltages, which are susceptible to small 
absolute changes yielding large relative changes. (2) For- 
tuitously, by selecting RV, and RV; <10 mm, the low 
lateral voltage itself is shown to be the best single criteri- 
on for detecting increased LV mass, with a sensitivity of 
70% (vs Cornell 20%, R-E 40%). Whereas specificity of 
such low voltage remains unknown, this is additional 
evidence that patients with LV hypertrophy requiring 
hospitalization may lose voltage due to illness.? This was 
probably the reason for the extremely poor performance 
of voltage in Griep's classic report, all of whose subjects 
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had had LV hypertrophy at autopsy. Seriously ill pa- 
tients (likely to be hospitalized) and dying patients (those 
who come to autopsy) are prone to lose voltage.? By 
contrast, echocardiographic studies in living, including 
ambulatory, patients consistently show superior sensitiv- 
ity to any electrocardiographic voltage criteria; the corol- 
lary is that voltage criteria consistently perform better in 
living patients undergoing laboratory studies than in 
dead patients studied at autopsy. 
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Myocardial Contusion After a Professional 


Paolo Bellotti, MD, Francesco Chiarella, MD, Stefano Domenicucci, MD, 
Gabriele Lupi, MD, and Carlo Vecchio, MD 


ost cases of cardiac contusion 

due to blunt chest trauma are 
frequently seen after motor vehicle 
accidents, and only rarely during 
sport practice. Therefore, there are 
only few reports of such injuries oc- 
curring during competitive sport ac- 
tivities.!-? We describe the first case 
of cardiac trauma occasionally ob- 
served in a professional boxer after a 
world championship boxing match. 
A 32-year-old professional boxer 
was referred to our hospital with a 
diagnosis of traumatic detachment 
of the retina 2 days after a world me- 
dium-maximum weight champion- 
ship boxing match. He was asymp- 
tomatic and the only remarkable 
data concerning the physical exami- 
nation was multiple ecchymotic in- 
juries to the face. During hospital- 
ization, while waiting for possible 
surgical reparation of the retina de- 
tachment, he underwent routine 
chest-x-ray, electrocardiogram and 
serum blood exams. The electrocar- 
diogram, in absence of symptoms, 
showed unexpected abnormalities in 
the precordial leads, with a negative 
T wave in V; and a 2 to 4 mm ST- 
segment elevation in V>-V3 (Figure 
1A). To assess the evolution of the 
myocardial injury, serial electrocar- 
diography and 2-dimensional echo- 
cardiography, and 1 radionuclide 
angiography at rest were performed. 
The electrocardiographic abnormal- 
ities returned to normal during 1 
month (Figure 1 B). Two-dimension- 
al echocardiograms did not reveal 
any change in myocardial bright- 
ness, ventricular wall motion, peri- 
cardial thickening or effusion. Tech- 
netium pyrophosphate radionuclide 
angiography was normal with ho- 
mogeneous cardiac uptake distribu- 
tion. Cardiac enzymes revealed a 
slight increase in total creatinine 
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phosphokinase and MB fraction 
with peaks of 297 and 39 nV/liter, 
respectively, (creatinine phosphoki- 
nase normal laboratory range, <160 
nV/liter). 

Heart contusion is a common and 
sometimes lethal result of blunt chest 
trauma; it has been well documented 
after motor vehicle accidents and 
only rarely during sport activities. 
The contusion of the heart may occur 
without serious external injury, and 
may go unnoticed clinically, but the 
importance of suspecting this trauma 
is emphasized by its lethal potential. 
Electrocardiogram, serum enzymes 
evaluations, 2-dimensional echocar- 
diograms and radionuclide scans are 
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FIGURE 1. Electrocardiographic 
myocardial contusion (A), and their evolution after 1 month (B). 


reported as important diagnostic 
tools for detecting acute myocardial 
contusion.^ 9 Electrocardiographic 
changes, including ST and T-wave 
abnormalities, and all types of con- 
duction disturbances and arrhyth- 
mias can be detected from 19 to 8396 
of patients after a blunt chest trau- 
ma. The sensitivity and specificity of 
this examination are extremely vari- 
able, as shown from the lack of corre- 
lation between electrocardiographic 
findings and autopsy evidence of con- 
tusion. Fortunately, in our report the 
electrocardiographic abnormalities, 
similar to those observed during an 
anteroseptal myocardial infarction, 
suggested the diagnosis of heart con- 
tusion, undetectable in any other 
way. 

With regard to the time interval 
between heart contusion and electro- 
cardiographic changes, it has been 
reported! that the onset of this abnor- 
mality is frequently delayed for 48 


abnormalities detected during the acute phase of 
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hours; it may not appear for up to 5 
days after the injury, and usually re- 
solves over 30 days, as we observed in 
our patient. A slight increase in the 
enzymatic profile, with the MB frac- 
tion level >10% of the total creati- 
nine phosphokinase, was found in ab- 
sence of symptoms, but it must be 
taken into account that the enzymat- 
ic determination could be influenced, 
as well as chest pain covered by mul- 
tiple traumatic boxing punches. A 
coronary arteriography would have 
been useful for excluding a primary 
coronary disease, but it was not pro- 
posed for the young age of our pa- 
tient. Pandian et al,* in an experi- 
mental setting, reported that 2-di- 
mensional echocardiography can be 
used for identifying heart contusion 
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after blunt chest trauma, but a low- 
energy trauma may produce only 
minimal pathologic changes that 
may be undetectable on echocardiog- 
raphy. Chest trauma by hands cov- 
ered with boxing gloves is certainly of 
relative low intensity; this can ex- 
plain why, in our patient, no abnor- 
malities were detected on serial 2- 
dimensional echocardiograms and on 
the radionuclide scan. 
Nonpenetrating chest trauma has 
become increasingly common, but 
we are not aware of any other report 
of myocardial contusion after a pro- 
fessional boxing match. It is not 
known if this complication is com- 
mon during boxing practice, but be- 
cause of the lethal potential of this 
injury, we emphasize the importance 
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of recognizing this problem with seri- 
al electrocardiograms. 
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“Upright” Retrograde P Waves 
During Ventricular Tachycardia 


We have read with interest a re- 
port by Parkin et al! on “upright” 
retrograde P waves during ventric- 
ular tachycardia. It seems to us that 
retrograde P waves in their report 
were not “upright” but normally 
"negative" in leads II, III and aVF. 
The accompanying figure (right) 
shows part of lead III in Figure 2 of 
their report. In the figure, P and P" 
represent sinus and retrograde atri- 
al deflections, respectively. Ectopic 
QRS complexes are marked with 
X. Time intervals are expressed in 
hundredths of a second. 

The figure shows that interval 
PP} is exactly twice the P34 inter- 
val. This indicates that the retro- 
grade impulse caused by complex 
X, fails to discharge the sinus node 
and to reset the sinus rhythm, 
namely, that the retrograde im- 
pulse interferes with the sinus im- 
pulse. The diagram below the strip 
shows that in the initial portion of 
the ST-T segment of complex Xj, a 
retrograde impulse interferes with a 
sinus impulse within the atria. As a 
result, an atrial fusion deflection, P 
+ P", occurs. After this initial por- 
tion, accordingly, the retrograde P’ 
wave in the ST-T segment cannot 
be found — namely, a seemingly 
upright small deflection is not a ret- 
rograde P^ wave. In the ST-T seg- 
ment of complex X2, the same fea- 
tures are also seen. The retrograde 
impulse caused by complex X; pro- 
duces the retrograde P^; wave in the 
initial portion of the ST-T segment, 
and then discharges the sinus node. 

These findings show that the ret- 
rograde P’ waves are not upright 
but normally negative. In the lower 
strip of the figure, the tracing is en- 
larged, and the ST-T segment of 
complex X; is superimposed over 
that of complex X». This shows that 
in the initial portion of the ST-T 
segment of complex X3, a negative 
retrograde P" wave, P";, is seen, and 
that the descending part of the 


Letters (from the United States) concerning a 
particular article in the Journal must be re- 
ceived within 2 months of the article's publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 


seeming “upright P^ wave" in the 

following portion is part of the ST- 

T segment without any P" wave. 
Shinji Kinoshita, mo 
Fumihiko Okada, mp 


Sapporo, Japan 
31 July 1991 





1. Parkin R, Nikolic G, Spodick DH. Up- 
right retrograde P waves during ventricu- 
lar tachycardia. Am J Cardiol 1991;68: 
138-140. 


REPLY: We are pleased by the inter- 
est of Kinoshita and Okada in our 
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FIGURE 1. Simultaneous lead 2-3 rhythm strip. The terminal 
“wrinkle” of the somewhat prolonged sinus P wave can be 
made out in the descent of the ectopic T wave. 
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report. We believe that, had they 
superimposed the entire QRS-T of 
X» and X; in their illustration, they 
would have seen as much “addi- 
tion" as "subtraction" in the ST 
segment. It is precisely because the 
ST/T segment is, as it were, sub 
judice, that it must be analyzed to- 
gether with its depolarization moi- 
ety. The QRS is identical in X» and 
X3; the repolarization is obviously 
not. 

The terminal negative notch is 
not present in X» (or earlier, single 
ventricular ectopic beats) because 
it is superimposed on the end of a 
positive sinus P wave. It is doubtful 
that a significant degree of atrial 
fusion could be contributed by the 
putative retrograde impulse, given 
the much earlier onset of the P 
wave. At a slower sinus rate (Figure 
l, page 711) the sinus P waves fol- 
lowing the ventricular ectopic beats 
start later with respect to the QRS 
complex, and the terminal QRS 
notch is present as well as the entire 
P wave. Admittedly, we did not 
publish this strip in the original re- 
port. Perhaps we should have, since 
it proves that the negative notch is 
not a "normally negative" retro- 
grade P" wave because it could not 
be expected to appear as a Siamese 
twin of the sinus P wave. 

Another point can be made by 
simply looking up from X; and X; 
to standard lead I. There, at least, is 
our positive sinus P wave over X», 
peak-to-peak perfect in its timing 
with the 2 previous P waves (Fig- 
ure 2, page 711). Furthermore, oth- 
er positive "bumps" occur, in subse- 
quent QRS complexes, exactly 
above the positive retrograde P" 
waves. If they, too, are an illusion 
created by the preceding negative 
deflection, we would like to remind 
our colleagues that the preceding 
deflection, if they were right, would 
be “normally positive" in standard 
lead I. 

Finally, we admit that we may 
be little wiser than the phrenolo- 
gists of old, reading the bumps. No- 
body can be absolutely sure on the 
strength of a few tracings available 
to us now. However, if 250940 of our 
colleagues think that the P waves 
such as reported by us are upright, 
they will not diagnose supraventric- 
ular tachycardia with aberrancy on 


the strength of it. That is the real 
value of our report — that, and a 
stimulus for more evidence to de- 


cide the matter. 
Ray Parkin, me, Bs 
George Nikolic, ms, Bs 
Woden, A.C.T., Australia 
David H. Spodick, mp, DSc 
Worcester, Massachusetts 


A Cardiologist to Perform at 
Carnegie Hall to Support His 
Division 


For a brief period in time New 
York’s Carnegie Hall will witness 
an unusual event. World famous vi- 
olinist Shlomo Mintz will be joined 
by Dr. Elieser Kaplinsky in the first 
movement of Bach’s double concer- 
to for two violins in D minor. The 
rest of the evening will consist of a 
regular concert featuring the Israel 
Chamber Orchestra with Shlomo 
Mintz as soloist (in the Mendels- 
sohn concerto) and conductor. 

The joint venture took shape 
when a world renowned violin mak- 
er, a mutual friend of Shlomo 
Mintz and Dr. Kaplinsky, rapidly 
developed severe angina with left 
main coronary artery stenosis. Fol- 
lowing successful coronary bypass 
operation and in honor of his 
friend’s recovery, Mr. Shlomo 
Mintz decided to devote the pro- 
ceeds of a concert to the Division of 
Cardiology of Sheba Medical Cen- 
ter (where the violin maker was be- 
ing treated). To tie the musical and 
the medical aspects together, and to 
add some piquancy to the occasion 
Mr. Mintz invited Dr. Kaplinsky, 
the Chief of Cardiology at Sheba 
Medical Center and Professor of 
Cardiology at Tel-Aviv University 
to play the Bach double violin con- 
certo (all 3 movements) with him. 
Following the highly acclaimed un- 
usual concert held before 3,000 per- 
sons at the Frederick Mann Audito- 
rium in Tel-Aviv on June 22, 1989, 
the Jerusalem Post’s music critic 
wrote: 

“The Israel Chamber Orchestra 
seems to be one of our busiest or- 
chestras these days. Between vari- 
ous subscription concerts it man- 
aged to squeeze in this benefit con- 
cert for the Heart Institute and 
Department of Cardiac Surgery at 
Sheba Hospital. While it was as 
much a social event as a musical 
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one, Mintz did not allow even the 
slightest deviation from his recent- 
ly established musical norms. And 
there was also a surprise; Prof. 
Elieser Kaplinsky, director of the 
Heart Institute, revealed himself as 
an excellent amateur violinist, a ca- 
pable partner for Mintz in Bach’s 
Concerto for Two Violins. A former 
pupil of the legendary violin teach- 
er, Ilona Feher, Kaplinsky had un- 
dergone meticulous preparation for 
his appearance with violinist Yair 
Kless. He played amazingly well; 
his intonation was exact, his tone 
warm and even in the third, quick 
movement, there were no slips. His 
joy in making music and his com- 
mitment were truly touching; he 
played with all his heart.” 

The event brought $250,000 in 
support of the Cardiology Division 
and the Medical Center. 

Dr. Kaplinsky, a graduate of He- 
brew University and Hadassah 
School of Medicine in Jerusalem, 
trained in the USA under Drs. Ber- 
nard Lown, William Likoff and 
Leonard Dreifus. He studied music 
with the famous Ilona Feher, teach- 
er of Shlomo Mintz, Pinchas Zuck- 
erman, Shmuel Ashkenazi and oth- 
ers. The readers of the Journal may 
have come across some of his over 
one hundred publications in the 
American cardiological literature. 

Following the success of the 
Mann Auditorium Benefit Concert, 
the Friends of Sheba Medical Cen- 
ter in New York, the Manhattan 
Guild, decided to organize a similar 
benefit concert in New York. It will 
be held on Monday, April 6, 1992 at 
7:30 P.M. Benefit tickets can be ob- 
tained from the Manhattan Guild 
office in New York, Telephone 
(212) 888-6767 and Fax (212) 355- 
7697. Friends, cardiologists and 
music lovers are invited! 


Correction 


In the study, “Thrombolysis in 
Unstable Angina: Results of Clini- 
cal Studies” by Scrutinio et al in the 
September 3, 1991 issue, the third 
line of column 3 in Table II, on page 
101B, should read: “<48 hours 
(24/36 pts).” 


You are cordially invited to attend 


IMPROVING SURVIVAL AND 
MORBIDITY IN 

HEART FAILURE AND 
VENTRICULAR DYSFUNCTION 





Course Co-Directors: Bertram Pitt, MD - University of Michigan 
Salim Yusuf, MD, PhD - NHLBI Clinical Trials Branch 


SATURDAY, APRIL 11, 1992 


Preceding American College of Cardiology 
Reunion Ballroom G & H 


Hyatt Regency Hotel 
Dallas, Texas 


There have been important new developments in our understanding of the patho- 
physiology and therapy of heart failure over the past year. Angiotensin converting 
enzyme inhibitors have been shown to have an important role both in symptomatic 
and asymptomatic patients with left ventricular dysfunction. We will review these 
new advances as well as new insights into pathophysiology, diastolic dysfunction, and 
sudden cardiac death in order to further reduce the mortality and morbidity in 
patients with left ventricular dysfunction and heart failure. 


Registration: 3:30 p.m. 
Program: 4:00-6:30 p.m. 
"Meet the Speakers" Reception and Buffet following program 


Sponsored by 
The University of Michigan Medical School 


Approved for 2 Hours, Category 1 AMA. 
Supported by an Educational Grant from Merck Sharp & Dohme 


For further information call: 


Edwina Borde, Registrar at (800) 962-3555 
University of Michigan Continuing Medical Education 
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CAREER OPPORTUNITIES 


VERMONT - Position for a non-invasive 
cardiologist to join two cardiologists in 
central Vermont. Service area of 60,000. 
BC/BE M.D. or D.O. with a nuclear license 
preferred. Thallium scans, echos, stress, 
and rotation with internists to read EKG's 
at the hospital. Holters and EKG’s done in 
office. New doctor may provide service to 
neighboring hospitals as well. Contact 
Barbara Taif at 1-(800)-762-9213. 


VIRGINIA-BC/BE non-invasive car- 
diologist needed to join an expanding 
practice of five cardiologists, in a 100+ 
member multi-speciality clinic immedi- 
ately attached to a 406 bed hospital. 
Excellent salary and benefits. Send CV 
to Jean Broyles, Lewis-Gale Hospital, 
1900 Electric Rd., Salem, VA 24153 or 
call 1-800-323-3066, ext. 4105. 








FLORIDA, NEVADA, TEXAS 
AND ILLINOIS! 
Private practice opportunities avail- 
able with established physicians. Need 
non-invasive for Florida and Texas. 
Need invasive for Las Vegas and 












Chicago. For details, call Eloise 
Gusman, 1-800-535-7698 or collect 
817-924-1699 or send CV to P.O. Box 
101656, Fort Worth, TX 76185. 












OSHKOSH, WISCONSIN 
Three person cardiology group is recruiting 
another cardiologist. Busy practice. Oshkosh 
is an attractive community of 55,000 people, 
located on the shores of Lake Winnebago and 
in the heart of Wisconsin's beautiful Fox 
River Valley. Competitive salary and fringe 
benefits. Send CV to: 










Christopher Kashnig, Physician Recruiter 
MERCY MEDICAL CENTER 
631 Hazel Street, Oshkosh, WI 54902 
or call 800-242-5650 X2430 or 414-236-2430 


POSITION SOUGHT 


CARDIOLOGIST: BC, American 
born/ trained, invasive/non-invasive, 
nuclear licensed. Not PTCA trained. 
Plans to relocate next six months. 
Reply to: 83 Gunderman Road, Ithaca, 
+ NY 14850. 
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Internist/Cardiologist 
Immediate Opening. BC/BE to join 
well-established 6 physician multi-spe- 
cialty practice in Northeastern North 
Carolina. Large referral area. Excellent 
benefit package. Send CV to Box 1237, 
The American Journal of Cardiology, 
249 W. 17th St., New York, NY 10011. 









Cardiologist BC/BE to join a mul- 
tispecialty group, must be able to do 
cardiac cath. EP a plus. Practice 
located in beautiful mountainous 
region with many outdoor activities 
including hunting, fishing, snow ski- 
ing and white water rafting. Located 
50 miles from Charleston, West 
Virginia and 200 miles from 
Pittsburgh. Hospital has 250 beds 
with state of the art cath lab. 
Excellent salary and benefits. Send 
Curriculum Vitae to 


















Kristie Bryant 
502 Main Street 
Oak Hill, WV 25901 





FELLOWSHIPS 


INTERVENTIONAL 
CARDIOLOGY 
FELLOWSHIP 


July 1992 - June 1993, for outstand- 
ing, board eligible cardiologist. 
Participate in hundreds of cardiac and 
peripheral procedures; help develop, 
test new interventional techniques/ 
devices. Excellent salary. Send intro- 
ductory letter, C.V., photo to 












CARDIOVASCULAR 
INSTITUTE 
OF THE SOUTH, 
P.O. Box 207 
Houma, LA 70361 









one... 
CCU Director 


LaGuardia Hospital, a 300-bed 
teaching hospital affiliated with a 
major medical school, is currently 
expanding its Cardiac Division and is 
seeking a full time Director of CCU. 
Responsibilities will include 
administration of the unit, direct 
patient management in the CCU setting 
and teaching house staff. 


The cardiologist selected will be 
expected to demonstrate strong 
leadership skills and must be board 
certified in both internal medicine and 
cardiology. LaGuardia Hospital is 
located in Forest Hills, a residential 
community within 15 minutes of 
Manhattan. 


For further information please submit 
your CV in confidence to: Charles S. 
Davis, MD, Director of Medicine, 
LaGuardia Hospital, 102-01 66th 
Road, P.O. Box 16, Forest Hills, NY 
11375. We are an equal opportunity 
employer m/f/h, providing a smoke- 
free environment. 


LaGuardia 
Hospital 


“Affliliated with the Health Insurance Plan 
of Greater New York (HIP)" 





NON-INVASIVE CARDIOLOGIST 
NEW ENGLAND 
Fifty-five physician multi-specialty group 
seeking third cardiologist to join their well- 
established, expanding practice. Practice 
includes all modalities and is associated 


with progressive 175-bed medical center. 
Competitive income guarantee and bene- 
fits package. Beautiful NEW ENGLAND 
community offers outstanding lifestyle. 
Call Mark Prosperi at 1-800-776-5776. 





Expert Advice on 
Practice Opportunities 
From Our Specialized 
CARDIOLOGY 
CONSULTANT 
TSI RAL TT THOSEERKERSEUERN P E 


CARDONE 
SERRE ES 
1-800-765-3055 


Cejka & Company 
222 S. Central 
Suite 700 

St. Louis, MO 
63105 


ZA 
AV 


JERRY SERMON 


Will assist you with: 
* Practice Opportunities 
* Defining Your Practice 
Needs 
Marketing Your Skills 
Interviewing Tips 
Salary Trends 





Reach The Physicians 
You Need 
Fax Your Ad Today! 
212-620-9085 


CARDIOLOGIST-Opening for BC/BE 
Noninvasive Cardiologist to join busy crit- 
ical care practice. Located in New Jersey 
40 minutes from Philadelphia and 30 min- 
utes from the shore. Position available 
immediately. Call 609-327-2142. 


NON-INVASIVE 
CARDIOLOGIST 
Interventional cardiologist seeks BE/BC 
non-invasive cardiologist, well-trained in 
nuclear, TEE and critical care. Located 
in beautiful Orange County, CA. 
Competitive salary and early partnership. 

Send curriculum vitae to: 
Michele A. Codini, M.D. 
24411 Health Center Dr. # 430 
Laguna Hills, CA 92653 
(714) 458-9434 
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CAREER OPPORTUNITIES 


NON-INVASIVE CARDIOLOGIST 


BC/BE NON-INVASIVE CARDIOLOGIST, ARIZONA 


Six member cardiology section seeking additional non-invasive cardiolo- 
gist(s) with nuclear cardiology and/or echocardiology interests. Practice 
includes clinical, educational, and research opportunities. Academic 
appointment to the Mayo Medical School. Send letter and curriculum 


vitae to: 


Section of Cardiovascular Medicine 
Attn: R.S. Ruzich, M.D. 
MAYO CLINIC SCOTTSDALE 
13400 East Shea Blvd. 
Scottsdale, AZ 85259 
Mayo foundation is an affirmative action and 
equal opportunity employer and educator. 


PEDIATRIC CARDIOLOGIST: 
BC/BE 


Cardiologist needed to join faculty at 
Children's Hospital of Orange County and 
participate in a large and developing pedi- 
atric cardiology program. Modern cath lab, 
60 bed combined PICU/NICU, ECMO 
Center and only hospital performing pedi- 
atric cardiac surgery in what is now the 
5th most populous county in the USA. 
Experience in cardiac echocardiography 
and electrophysiology desirable. 
Responsibilities include clinical cardiol- 
ogy and development of a clinical and/or 
basic research program. Please send CV to 
Harriet Opfell, M.D., Medical Director or 
Mitchell Cairo, M.D., Chairman, CHOC 
Subspecialty Medical Group, Children's 
Hospital of Orange County, 455 S. Main, 
Orange, CA 92668. 


CARDIOLOGIST 

Honolulu, Hawaii 
Excellent opportunity for invasive BE/BC 
cardiologist to join 270-physician multi- 
specialty prepaid group servicing largest 
HMO in Hawaii. Practice includes full 
range of cardiac services. EPS skills highly 
desirable. Competitive salary, excellent 
fringes, university affiliation, and desir- 
able location. Send CV to: HAWAII PER- 
MANENTE MEDICAL GROUP, INC., 
3288 Moanalua Road, Honolulu, HI 
96819. (Equal Opportunity Employer). 


CARDIOLOGIST- — 4 BC Cardiologists seek 
an invasive/noninvasive BC/BE cardiologist to 
join a busy consulting practice in California. 
Exceptional opportunity with attractive finan- 
cial/fringe benefit package and early partnership. 
Submit CVC to Box 1231, The American Journal 
of Cardiology, 249 W. 17th St., New York, NY 
10011. 





| MEETINGS 


THIRD ANNUAL LAHEY CLINIC SYMPOSIUM 
CARDIOVASCULAR DISEASE: STATE OF THE ART 1992 
JUNE 24, 25, AND 26, 1992 
OCEAN EDGE RESORT AND CONFERENCE CENTER 
Brewster, Cape Cod, Massachusetts 


Sponsored by Lahey Clinic Foundation, Inc. 


This course will be a three-day review of pertinent topics in arrhythmia management, 


nuclear cardiology, thrombolysis, valvular heart disease, and interventional cardiology. 
Internationally recognized speakers will provide up-to-date information on their subjects 
in the tranquil atmosphere of Cape Cod Bay. 


ACCREDITATION: 12 AMA CATEGORY I CREDITS 


Information: Donna Ales, Educational Seminars, Lahey Clinic Medical Center, 41 Mall 
Road, Burlington, MA 01805. TELEPHONE: (617) 273-5238. 





CAREER OPPORTUNITIES 


Invasive/Non-Invasive Cardiologist - Florida - 
Excellent opportunities available for BC/BE 
cardiologists to join successful, well-established 
private practices. Ideally situated in affluent 
and rapidly growing communities surrounding 


beautiful Ft. Lauderdale. Salary, incentives and 
excellent benefit package. Partnership oppor- 
tunities. Send CV to: North Broward Hospital 
District, Physician Recruitment, 303 S.E. 17th 
Street, Ft. Lauderdale, FL 33316. 












CARDIOLOGY 
Opportunity to live and work in the beautiful 
state of Hawaii. Established in 1903, The 
Honolulu Medical Group is seeking a BC/BE 
cardiologist to join our 40-physician, multi- 
specialty group. We offer the opportunity to 
retain control of the medical directive while 
eliminating the headaches of administration and 
recruiting. Plus an attractive salary/benefits 
package and an excellent working environment. 
Send CV to Chairman, Physician Recruitment, 
The Honolulu Medical Group 
550 South Beretania Street 
Honolulu, Hawaii 96813 


or Fax to (808) 531-4179. 
EOE. 


















CHIEFS/DEPT. HEADS / 
FACULTY 













ASSISTANT PROFESSOR (tenure- 
track) to perform cardiac electrophysiol- 
ogy (EP) studies for evaluation of cardiac 
arrhythmias. Clinical/teaching responsi- 
bilities will include supervision of post- 
graduate fellows in the clinical and exper- 
imental cardiac EP lab. Individual will 
assist in expanding and developing further 
the physician network for referral of 
patients with known or suspected cardiac 
arrhythmias. Individual expected to 
develop independent research program. 
Qualifications: MD, completion of 3 yr 
internal medicine residency program, 3 
yr cardiology fellowship and 1 yr EP fel- 
lowship. Apply to: Jay N. Cohn, M.D., 
Professor and Head, Cardiovascular 
Division, Box 488 UMHC, University of 
Mn, Minneapolis, MN 55455. The 
University of Minnesota is an equal oppor- 
tunity educator and employer. (Deadline 
for receipt of applications: 4/1/92.) 
























A University affiliated institution, with a 
busy pediatric cardiac surgery service, and 
presently performing 400 pediatric cardiac 
catheterizations per year, invites applications 
for the position of Chief of the Department 
of Pediatric Cardiology. A full academic 


appointment is available. Interested parties 
should forward their curriculum vitae plus a 
letter of introduction to Box 1229, American 
Journal of Cardiology, 249 West 17th St., 
NY, NY 10011. 


All applications will be treated with the strictest confidence 
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A position is available in an expanding Department of Cardiology for an invasive/inter- 
ventional cardiologist. An individual with dedicated training in interventional work is pre- 
ferred. Opportunities for clinical research and teaching are available. Ochsner Clinic offers 
a very competitive salary with a rich fringe benefits package. Candidates must be board- 
eligible/board-certified. If interested in joining a pre-eminent multi-specialty group prac- 


tice please send your CV to: 


OCHSNER CLINIC 
16777 Medical Center Drive 
Reference #A/CARD, Physician Recruiting Support Services 
Baton Rouge, Louisiana 70816 
Please call 1-800-488-2240 to fax your CV or if you would like additional information. 


INVASIVE CARDIOLOGIST 
MINNEAPOLIS, MINNESOTA 


Group Health, Inc. has an opportunity 
available for a BC/BE cardiologist. Special 
interest and training in cardiac ultrasound is 
desirable. This cardiologist would join a 
growing group of six cardiologists and an 
organization that is committed to develop- 
ing a major cardiology department with 
expertise in all aspects of clinical cardiology. 
Group Health, Inc. is one of the largest 
multi-specialty group practices in the 
Midwest, with 300 physicians serving 
243,000 members in 19 medical centers 
throughout the Twin Cities area. Group 
Health offers its physicians excellent 
salaries, generous benefits and a superb 
working environment. To inquire, please 
call (612) 627-6122, or send CV to: 


Group Health, Inc., Physician Services 
Attn: Ann Johnson 
2829 University Ave. S.E. 
Minneapolis, MN 55414. 








CAREER CHANGE 
OPPORTUNITIES 
in the Pharmaceutical Industry. We have assign- 
ments for experienced board certified/eligible 
physicians. Send your CV to Bruce Rogers Co., 
Management Consultants, 20 Main Street, Port 
Washington, NY 11050. (516)883-1058. 












CARDIOLOGIST (U.S. TRAINED) 
B.C./B.E. Invasive/Non-Invasive to join 
group of Board Certified Cardiologists in 
suburban Atlanta, Ga. Busy hospital based 
private practice including, Cath, PTCA, all 
non-invasive parameters. Available imme- 
diately. Cardiac catheterization required. 
Permanent pacemaker implantation 
desired. PTCA not essential. Excellent 
opportunity with generous salary and ben- 
efit package leading to partnership. Send 
CV to Box 1233, The American Journal of 
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information for Patients 
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If a dose should be missed, the patient should take only the 
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discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
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culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
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dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
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Risk of Anaphylactic Reaction. While taking beta-blockers, 
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All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonella/ 
mammalian-microsome mutagenicity test, and a nucleus 
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No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor IS 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 


Pediatric Use 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpitations: 
congestive heart failure; peripheral edema; and hypotension 
have been reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS ) 

—' Wheezing (bronchospasm) and Uer have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
paims. Nausea, dry mouth, gastric pain, constipation, 

latulence, and heartburn have been reported in about 1 of 100 
patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 


agranulocytosis, and dry eyes. Discontinuation of the drug should 


be considered if any such reaction is not otherwise explicable. 
The oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 
Cardiovascular: |n the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 
Hypotension 27.4% 23.2% 
systolic BP 
< 90 mmHg) 
Bradycardia 15.9% 6.7% 
(heart rate 
< 40 beats/min) 
Second- or 4.7% 4.7% 
third-degree 
heart block 
First-degree 5.3% 1.9% 
heart block 
(P-R => 0.26 sec) 
Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been re- 
ported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 

p with other beta-adrenergic blocking agents and should 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, Sue, rg "vi purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
p am of overdosage have been reported, some leading 
to death. 

Oral LDso's (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

In general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other E 
tients and should be treated accordingly (see WARNINGS, 
Myocardial Infarction). 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered, e.g., 
levarterenol or dopamine. 

Bronchospasm: A beta;-stimulating agent and/or a theo- 
phylline derivative should be administered. 

Cardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 


Printed in U.S.A. 


= GEIGY Pharmaceuticals 
e | Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 


© 1990, Geigy. 536-11578-A 


C90-39 (Rev. 7/90) 





a we The Ischemic Myocardium: 
L 24 Strategies for Preservation 











gy. p VA 
MARCH 6, 1992 ef BO 
AS 4a 
Son ay 
A Symposium: rs 















and Protection 


GUEST EDITORS: 


. Peter F. Cohn, MD 
a . . . Professor of Medicine 
Chief, Cardiology Division 
state University A A New York Health Sciences Center. i 
| tóny Brook, New York : 


Robert S. Gibson, MD 
Professor of Medicine - 
y ^. ~~ Division of Cardiology - | 
os “University of Virginia Health Sciences Center  . 
| Charlottesville, Virginia - : 





A YORKE MEDICAL JOURNAL/CAHNERS PUBLISHING COMPANY . 


V - 
4 - E 
> ld - + “ 






The 
American 


Journal 
O 
Cardiology 









MARCH 6, 1992 VOL. 69 NO. 7 


pa 45 


A Symposium: 











The Ischemic Myocardium: 
Strategies for Preservation 
and Protection 


GUEST EDITORS: 
Peter F. Cohn, MD 


Professor of Medicine 
Chief, Cardiology Division 
State University of New York Health Sciences Center 
Stony Brook, New York 


Robert S. Gibson, MD 
Professor of Medicine 
Division of Cardiology 


University of Virginia Health Sciences Center 
Charlottesville, Virginia 


This symposium was presented at the sixth annual meeting of The Council on Myocardial Ischemia and Infarction 
in Aventura, Florida, on December 7-8, 1990, and was produced by MEDED under an educational grant provided 
by Marion Merrell Dow, Inc. 


EDITOR IN CHIEF PRODUCTION EDITOR 
William C. Roberts, MD Craig Smith 
MANAGER EDITORIAL SERVICES VICE-PRESIDENT /PROFESSIONAL EDUCATION PROOF EDITOR 
David Good Robert J. Schaefer Mary Crowell 





THE AMERICAN JOURNAL OF CARDIOLOGY.® (ISSN 0002-9149) (GST 123397457) March 
6, 1992, Vol. 69, No. 7 (USPS: 505-750). 


Member, American Business Press, Inc. and Audit Bureau of Circulations. Published 4 times in March, May and 
November, 3 times in January, April, July, September and December, and 2 times in February. June, August and 
October, by The Cahners Publishing Company, a Division of Reed Publishing USA, 275 Washington St., Newton, 
MA 02158-1630. Terrence M. McDermott, President; Frank Sibley, Executive Vice-President; Robert T. Brawn, 
Senior Vice President / General Manager; Jerry D. Neth, Senior Vice President / Publishing Operations; J.J. Walsh, 
Senior Vice President /Finance; Thomas J. Dellamaria, Senior Vice President /Production and Manufacturing: 
Ralph Knupp, Vice President /Human Resources. Printed in Easton, Pennsylvania. 


SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves the right to refuse 
unqualified subscribers. Subscribers agree that no article or any part thereof published in any editions of the 
American Journal of Cardiology received under this subscription agreement may be copied, recorded or repro- 
duced in any form or by any means, electronic or mechanical, including, among other things, photocopying or the 
storing of part or all of such articles on any information retrieval system, without the written permission of the 
Publisher. Address correspondence regarding subscriptions and changes of address to: THE AMERICAN JOURNAL 
OF CARDIOLOGY, P.O. Box 173377, Denver, Colorado 80217-3377 (1-800-637-6073). Please include your zip 
code and, in case of change of address, copy of old address label. Changes of address must reach the Journal one 
month preceding month of issue. Single copy price: Regular issues $10.00; symposium and special issues $12.00. 


Subscription rate for individuals in field of publication: United States 1 year $66, 2 years $112, 3 years $158; 
Canada and Mexico 1 year $105, 2 years $178, 3 years $252. All other countries (prices include air-speeded 
delivery) 1 year $135, 2 years $249, 3 years $364. US institutions 1 year $95, 2 years $162, 3 years $228; Canada 
and Mexico 1 year $120, 2 years $200, 3 years $295; All other countries (prices include air-speeded delivery) 1 
year $150, 2 years $263, 3 years $375. Special rate to U.S. Residents, Interns, Medical Students $33. The 
Journal is not responsible for replacing missing issues unless the Circulation Department is notified of nonreceipt 
within 3 months of issue date. 

Circulation records are maintained at 44 Cook Street, Denver, CO 80206. Second class postage paid at Denver, 
CO, and at additional mailing offices. Printed in U.S.A. The American Journal of Cardiology is a registered 
trademark of Reed Properties Inc., used under license. Trademark™ in U.S. Patent Office. © Copyright 1991 by 
Reed Publishing USA: Robert L. Krakoff, Chairman and Chief Executive Officer; Terrence M. McDermott, Presi- 
dent and Chief Operating Officer; William M. Platt, Senior Vice President. All rights reserved. No part of this 
publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including 
photocopying, recording or by any information storage retrieval system, without permission of the copyright 
owner. Prices on bulk reprints of articles available on request. 

The Publisher assumes no liability for any material published in the Journal. All statements are the responsibility of 
the authors. 


MANUSCRIPTS: Address all manuscripts to William C. Roberts, MD, Editor in Chief, The American Journal of 
Cardiology, 7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 


POSTMASTER: Send address changes to: The American Journal of Cardiology, P.O. Box 173377, Denver, Colorado 80217-3377. 


Cahners Publishing Company, A Division of Reed Publishing USA © Specialized Business Magazines for Building & Construction, Research, Technology, Electronics, Computing, Printing, Publishing, Health Care, Food Service, 
Packaging, Environmental Engineering, Manufacturing, Entertainment, Home Furnishings, and Interior Design. Specialized Consumer Magazine for Child Care, Boating and Wedding Planning. 





Publisher's Note 


The opinions expressed in this presentation are those of the panelists and are not attributable 
to the sponsor or the publisher, editor, or editorial board of The American Journal of Cardiolo- 
gy. Clinical judgment must guide each physician in weighing the benefits of treatment against 


the risk of toxicity. References made in the articles may indicate uses of drugs at dosages, for 
periods of time, and in combinations not included in the current prescribing information. 


Editor's suggestion: The symposium issues for a full year should be bound together separately from 
the regular issues. 









The 
American 


Journal 
O 
Cardiology 





A SYMPOSIUM: 
THE ISCHEMIC MYOCARDIUM: 
STRATEGIES FOR PRESERVATION AND PROTECTION 


1B 
introduction 
Peter F. Cohn, Robert S. Gibson 


xo. EA Ree EE EO ERR TS IMDS EE MOE TR TAT A 
Perspective: The Cellular Influences of Calcium Antagonists on 
Systemic and Coronary Hemodynamics 

Morton J. Kern 


8B 

Platelet-Leukocyte-Endothelial Interactions in Coronary 
Artery Disease 

Jawahar L. Mehta, Francesca A. Nicolini, William H. Donnelly, Wilmer W. 
Nichols 


P a ee TS E AE A AREL N ETE T Bale b SUPR MEQUE SO USA ANE 
Prevalence and Prognostic Significance of Exercise-Induced 
Silent Myocardial Ischemia in Apparently Healthy Subjects 
Jerome L. Fleg 


Vt: Sel SENT Ub I2 OP RIA NM SVEDESE S EN UR NC, Oe MEE LL BTR red hd 
Silent Myocardial Ischemia After Acute Myocardial Infarction 
Ernst E. Van der Wall, Volkert Manger Cats, Albert V. G. Bruschke 


ZSB IM CIMA aU M siam ceti EET. duo aE 
Use of Intravenous Diltiazem in Patients with Acute Coronary 
Artery Disease 

Allan S. Jaffe 






MARCH 6, 1992 VOL. 69 NO.7 


30B | 

Effect of Diltiazem Slow-Release Formulation on Silent 
Myocardial Ischemia in Stable Coronary Artery Disease 
Martin Juneau, Pierre Théroux, David Waters, for TP Canadian 
Multicenter Diltiazem Study C oup D IN 


m 


co P 
i4 Nè X 


Role of Calcium A Antag ni ists for Heart Rate Contro l in Atrial 
NIDIE o sator EOT a AREN Y 
SEDAN A. Ellenbogen " CM REM, wee | 


SEE Lucr Eo i EN E | diis 

Advisory Group Reports . on Silent Myocardial ischemia; Acute 
Intervention After Meca Infarction, and Postinfarction 
Management TT Ü e 

Carl J. Pepine; Morton M. Kern, Wiliam E. Boden 


R~ 


d 
i 
Ww i 





bit EGO , ro ye n rs RT V pnr ; “z l AA Car yS 


The 
American 


Journal 





Ob us 
Cardiology 










Introduction 


Peter F. Cohn, mb, and Robert S. Gibson, MD 


n December 7-8, 1990, we had the plea- 
sure of chairing a symposium in Aventura, 
Florida, under the auspices of the Council 
on Myocardial Ischemia and Infarction. The coun- 
cil's purpose is to gather together noted investiga- 
tors in cardiovascular disease with the goal of 
sharing useful information concerning the patho- 
physiology, prognosis, and therapy of ischemic 
heart disease and related disorders. This supple- 
ment represents the proceedings of that meeting. 
The first section is devoted to cellular and 
biochemical insights into the ischemic environ- 
ment. The cellular basis for the actions of calcium 
antagonists (one of the key classes of therapeutic 
agents for acute and chronic ischemic syndromes) 
is reviewed by Morton Kern. The hemodynamic 


From the Division of Cardiology, State University of New York 
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Address for reprints: Peter F. Cohn, MD, Cardiology Division, 
State University of New York Health Sciences Center, Stony 
Brook, New York 11794-8171. 


effects of calcium antagonists involve determinants 
of myocardial oxygen supply and demand. These 
agents may also limit intravascular plaque forma- 
tion and protect the myocardium from reperfusion 
injury after coronary artery occlusion. Kern dis- 
cusses not only the more established agents dilt- 
iazem and nifedipine, but also newer agents such 
as nicardipine, nisoldipine, and amlodipine. Their 
effects on calcium concentrations in vascular smooth 
muscle and in the mitochondria may have clinical 
implications. 

Jawahar Mehta has long been interested in the 
importance of platelets in coronary artery disease. 
In his current review he evaluates the interactions 
between platelets, the endothelium of the coronary 
arteries, and a number of vasoconstrictive and 
vasodilatory agents. Newer data concerning activa- 
tion of leukocytes and their effect on myocardial 
injury by release of oxygen free radicals and proteo- 
lytic enzymes during reperfusion are also dis- 
cussed. 

The second section focuses on timing, triggers, 
and prognosis. One of the more fascinating studies 





Peter F. Cohn, MD (left); Robert S. Gibson, MD (right). 
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in recent years has been the Baltimore Longitudi- 
nal Study of Aging. In his article, Jerome Fleg, one 
of the primary investigators in this study, reports 
on the results of 407 apparently healthy volunteers 
who underwent thallium-201 stress testing. Over a 
mean follow-up of 4.6 years, cardiac events oc- 
curred in nearly 1046 of the volunteers. The rela- 
tive risks of these events were much higher in the 
persons with positive thallium stress tests and 
electrocardiographic (ECG) findings, despite an 
absence of symptoms. This study has important 
implications for the clinician's approach to 
" healthy" patients, especially those with coronary 
risk factors. 

Ernst Van der Wall and colleagues address the 
issue of silent ischemia as a prognostic indicator 
after acute myocardial infarction. The adverse 
prognostic implications of silent ischemia during 
postinfarction exercise tests are well known. Van 
der Wall and associates used exercise radionuclide 
angiography in addition to ECG results. They 
repeated the tests 2 days later after 120 mg of 
diltiazem had been administered and found that 
the drug markedly reduced ST depression and 
regional wall motion abnormalities. Such findings 
have potentially important therapeutic implica- 
tions if they can be shown to improve prognosis. 

The third section is devoted to clinical and 
therapeutic implications. Allan Jaffe reports on 
initial studies with the use of intravenous diltiazem 
in patients with stable angina. Hemodynamic im- 
provement was significant. Patients have also been 
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studied during percutaneous transluminal coro- 
nary angioplasty (PTCA) and surgery. Jaffe com- 
ments on the beneficial use of diltiazem in unstable 
angina and acute myocardial infarction. 

A placebo-controlled, randomized, double- 
blind study conducted by Martin Juneau and col- 
leagues at the Montreal Heart Institute confirms 
the efficacy of a slow-release form,of diltiazem in 
reducing ischemic episodes recorded during Holter 
monitoring. Most of these episodes were silent. 
These results complement those reported earlier in 
this symposium by Van der Wall using exercise 
radionuclide angiography. 

Kenneth Ellenbogen reviews the role of intrave- 
nous calcium antagonists and other agents for the 
control of heart rate during atrial fibrillation. Since 
a rapid ventricular response is often accompanied 
by cardiac symptoms—particularly ischemia in eld- 
erly subjects—slowing of the heart rate by pharma- 
cologic agents is desirable. The problems with the 
use of digoxin and B blockers are discussed, as well 
as a new and simple infusion technique for admin- 
Istering diltiazem. 

Finally, in the fourth section, the Advisory 
Group reports are presented. The Advisory Groups 
of the Council meet and discuss new information 
concerning their particular areas of interest— 
silent myocardial ischemia, acute intervention af- 
ter myocardial infarction, and postinfarction man- 
agement. Summaries of their most recent 
discussions are included in this report. 


2B THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 MARCH 6, 1992 


LO Í à t- 
p 
4. a n a DNI 


Perspective: The Cellular Influences of Calcium 
Antagonists on Systemic and Coronary 
Hemodynamics 


Morton J. Kern, MD 


Calcium antagonists may have a valuable role in 


ameliorating the extent and duration of myocar- 
dial ischemia following infarction. The precise 
cellular effects of these agents are being re- 
vealed through studies using the model of tran- 
sient coronary occlusion induced by coronary an- 
gioplasty. The class of calcium antagonists is not 
uniform, and these diverse agents may have a 
favorable effect on ischemia through one or more 
of the following mechanisms: direct cardioprotec- 
tive effects, prevention of calcium accumulation 
in the mitochondria in ischemic cells, reduction in 
oxygen consumption or in coronary artery vaso- 
constriction or coronary spasm, prevention of 
ischemia-induced arrhythmias, and increased 
coronary blood flow to ischemic tissue directly or 
through enhancement of collateral flow. Recent 
studies of diltiazem, nifedipine, nicardipine, 
nisoldipine, and amlodipine, as representative 
agents, are reviewed. 

(Am J Cardiol 1992;69:3B—7B) 
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he fact that calcium antagonists exert a 
| positive effect on acute ischemia is signifi- 
cant in the context of postinfarction or 
vasospastic events. These agents are able to limit 
ischemic sequelae as well as infarction size. How- 
ever, the cellular alterations that produce anti- 
ischemic effects vary according to the characteris- 
tics of the agent used and the method of 
administration. Research that defines the cellular 
influence of the various calcium antagonists is 
valuable in that it might help to tailor therapeutic 
selections. The ability to conduct such investiga- 
tions has been recently expanded by detailed assess- 
ment of physiologic responses during acute coro- 
nary interventions.' Specifically, patients 
undergoing coronary angioplasty provide a con- 
trolled model of transient myocardial ischemia. 
The ischemia produced by this model—acute coro- 
nary occlusion—results in a decrease in oxygen 
supply and produces a significant degree of left 
ventricular dysfunction. The extent of ventricular 
dysfunction is more severe with supply-induced 
ischemia than with demand-induced ischemia that 
results from pacing tachycardia or pharmacologic 
agents.” 


ISCHEMIC EVENTS DURING CORONARY 
OCCLUSION 

Testing calcium antagonists in patients undergo- 
ing coronary angioplasty provides a means of 
matching therapy to the sequence of biologic events 
that occur. In candidates with suitable anatomy, a 
balloon is introduced across a left anterior descend- 
ing (LAD) artery lesion and the artery is occluded 
for 60-120 seconds, after which reperfusion is 
accomplished. During this ischemia, reproducible 
changes occur in a definite hierarchical pattern.” 
The earliest events are biochemical abnormalities 
(acidosis and transcellular calcium concentration 
shifts) that are revealed by coronary sinus and 
arterial blood sampling. Next, the diastolic func- 
tion of the myocardium becomes impaired, which 
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is followed shortly by systolic segmental left ventric- 
ular wall motion abnormalities. Finally, electrocar- 
diographic ST-segment changes and angina de- 
velop. Silent ischemia occurs in some patients 
without the presence of angina. 

The methodology used to characterize the isch- 
emic changes involves a number of parameters. 
Hemodynamic assessments include coronary flow, 
pulmonary and coronary wedge pressures, systemic 
hemodynamic indicators, and pulmonary artery as 
well as coronary sinus oxygen saturations. Echocar- 
diography provides two other parameters: 2-dimen- 
sional echocardiography can be used to assess wall 
motion abnormalities and wall thickening, and 
Doppler techniques show mitral inflow and aortic 
outflow as indices of cardiac contractility and 
relaxation. Electrocardiography, both 12-lead and 
2-channel continuous recordings, is also needed to 
assess ischemia. 


CALCIUM ANTAGONISTS DURING OCCLUSION 
Calcium antagonists can play a major role in 
ameliorating acute ischemic syndromes through 
several mechanisms. Their hemodynamic effects 
dramatically influence both the supply and demand 
components of the ischemic imbalance: they de- 
crease oxygen consumption and increase coronary 
blood flow either directly or through augmentation 
of collateral flow. Antiplatelet effects exhibited by 
the calcium antagonists bear directly on plaque 
formation and distribution. Also, these agents are 
important in reperfusion protection after occlu- 
sion, ischemia, and injury, and they appear to 
enhance myocardial tissue salvage after infarction. 
Three major classes of calcium antagonists are 
categorized by their receptor subtype activation. 
Accordingly, calcium antagonists will have varying 
degrees of influence on myocardial vascular tissue 
and specialized conducting tissue. Despite these 
differences, there are areas of commonalities in 


their effects. They all influence myocardial cellular 
protection for calcium influx and disruption of cells 
in the myocardium. Using diltiazem, nifedipine, 
nicardipine, nisoldipine, and amlodipine as repre- 
sentative agents (Table I),° a brief review of cur- 
rent data follows. 

Diltiazem and nifedipine: Nifedipine produces 
potent coronary and peripheral vasodilation.’ It 
has been proposed as a regional cardioplegic agent 
that permits prolonged coronary occlusion while 
minimizing myocardial ischemia.* 

A large body of clinical and experimental data 
has accumulated showing that diltiazem is an 
effective agent for the amelioration of myocardial 
ischemia. Diltiazem is effective in ameliorating 
both supply’ and demand" types of ischemia. A 
study from this institution compared diltiazem and 
nifedipine in selected patients who underwent left 
anterior descending coronary angioplasty." Mea- 
surements were made during 2 matched periods of 
ischemia that were induced before and 15 minutes 
after drug administration. Diltiazem was adminis- 
tered intravenously as a 10 mg bolus followed by a 
continuous infusion of 500 ug/min (18 patients), 
and 10 mg of nifedipine was administered sublin- 
gually (10 patients). The patients had no collateral 
supply and relatively normal left ventricular func- 
tion. 

What was particularly interesting was the influ- 
ence of diltiazem on the stroke integral index 
(Figure 1), which is a major indicator of contractil- 
ity and cardiac output. After 30 seconds of occlu- 
sion in the control state, the stroke index declined 
dramatically. During reperfusion, it began to re- 
turn to baseline but had not returned to normal 30 
seconds after occlusion. There was less decline and 
a more rapid recovery in the stroke integral index 
when the ischemia was induced after diltiazem 
administration. This suggests that diltiazem pre- 
serves cardiac function and exerts a protective 
effect on some of the diastolic properties as well as 
relaxation. 

The hemodynamic effects of diltiazem and nife- 
dipine during acute myocardial ischemia were 
similar. The time to ischemia as measured by ST 
elevation on the electrocardiogram was prolonged 
with diltiazem administration (27 + 10 vs 40 + 16 
seconds, p «0.05). Although prolongation oc- 
curred with nifedipine, this was not significant 
(24 + 14 vs 38 + 14 seconds, difference not signifi- 
cant). Both drugs caused similar initial peripheral 
hemodynamic changes, such as reductions in sys- 
tolic and mean arterial pressure and maintenance 
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of resting great vein blood flow. Diltiazem also 
reduced heart rate-pressure product. 

Kavanaugh and colleagues" conducted a de- 
tailed investigation of how diltiazem protects the 
myocardium during transient ischemia. They mea- 
sured spectroscopy indices of high-energy phos- 
phates as well as different groups of adenosine 
triphosphate (ATP) in a rabbit model of transient 
coronary occlusion. During reperfusion after occlu- 
sion, there is a marked increase in the phosphate 
component and preservation of the 3 ATP subsets. 
This occurs in the aftermath of occlusion, during 
which the high-energy phosphate supply is mark- 
edly diminished. When diltiazem is administered, 
high-energy phosphate levels are preserved during 
occlusion, indicating that diltiazem does work at 
the cellular level and has an important role in 
maintenance of ATP and phosphate levels. The 
investigators also compared the relative percent- 
age of areas of abnormal contractility during base- 
line occlusion and during reperfusion, with and 
without diltiazem. Their analysis indicated that 
diltiazem dramatically reduced the percent area of 
abnormality. This was the case for the areas of both 
phosphate and ATP on histologic examination. 

Recently, a European study assessed similar 
parameters in humans undergoing transient angio- 
plasty ischemia. Arteriovenous lactate difference 
was measured during coronary artery occlusions, 
during both a serial set and a single event, before 
and after administration of diltiazem. The arterio- 
venous difference in hypoxanthine levels was also 
measured. The reduction in the time to ST changes 
observed in our study was not seen. However, there 
was a marked diminution in the production of 
hypoxanthine during the ischemic coronary occlu- 


FIGURE 1. Effects of diltiazem on 
systolic left ventricular function 
(stroke integral index) during cor- 
onary balloon occlusion in pa- 
tients. 


sions, without similar changes in the lactate produc- 
tion. This indicated that diltiazem produced a 
reduction in the degree of ATP utilization and 
exerted a protective effect on the myocardium. 

Nicardipine: Some of the newer agents, such as 
nicardipine, appear to have hemodynamic effects 
that might also favorably influence ischemia in the 
angioplasty model. In this setting it has been shown 
to have the following effects: increased heart rate, 
reduced blood pressure, no effect on left ventricu- 
lar and diastolic blood pressure, markedly in- 
creased cardiac output, slightly increased myocar- 
dial oxygen consumption, and dramatically 
increased coronary blood flow." These changes 
would have a positive effect on myocardial isch- 
emia. 

Two other studies have supported these findings 
and suggest that nicardipine reduces ischemia by a 
cellular mechanism different from that of diltiazem 
or nifedipine. Feldman et al^ administered intrave- 
nous nicardipine to 10 patients during angioplasty 
and noted a decrease in mean arterial pressure, an 
increase in heart rate, a decrease in the indices of 
ischemia, and an increase in great vein flow during 
occlusion. In another study, Hanet and colleagues" 
selectively administered intracoronary nicardipine 
to delineate the effects of direct myocardial protec- 
tion. As would be expected with intracoronary 
administration, there was no influence on systemic 
blood pressure or heart rate. There was a decrease 
in the indices of myocardial ischemia and a reduc- 
tion in hypoxanthine and lactate levels, with some 
alteration of the prostanoid metabolism. 

Nisoidipine: In a preliminary investigation of 
another new calcium antagonist, nisoldipine, the 
effects of this agent were compared to that of 


e Diltiazem 
= Control 


Baseline 15 


Occlusion (sec) 


* p « 0.05 vs baseline. 
T p « 0.01 vs diltiazem. 





A SYMPOSIUM: MYOCARDIAL ISCHEMIA 5B 


ws DN 
= h 
. | 


intracoronary nitroglycerin. As parameters of com- 
parison, Amende and colleagues" measured the 
pulmonary capillary wedge pressure as an index of 
left ventricular filling, ST changes, and ST- 
segmental maximal elevation. They found that with 
nisoldipine administration there was no change in 
the hemodynamics, a marked decrease in the ST 
segment, and maximal ST-segment elevation. On 
the other hand, nitroglycerin, which has none of 
the cellular effects of calcium antagonists, had a 
limited effect, if any, on the ST segment and the 
ST-segment maximal change, although it did re- 
duce pulmonary capillary wedge pressure. Nitro- 
glycerin does not help ischemia in the angioplasty 
model. There is some suggestion that it can pro- 
long the onset of ischemia, but through mecha- 
nisms that differ dramatically from those of the 
calcium antagonists. 

The hemodynamic effects of nisoldipine are 
similar to those seen in the acute ischemia model. 
During exercise and recovery, one of the major 
effects of nisoldipine is the augmentation of coro- 
nary blood flow, as measured by thermal dilution. 
The peak exercise coronary blood flow achieved 
with nisoldipine administration is significantly 
greater than the exercise measurements performed 
in the control state. When coronary blood flow 
increases without a change in systemic hemodynam- 
ics, the obvious consequence is a marked reduction 
in coronary resistance. 

Amlodipine: The most recent addition to our 
experience with calcium antagonists comes from 
the long-acting agents. The prolonged half-life of 
amlodipine produces greater serum drug concentra- 
tions, which differentiates it from diltiazem and 
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verapamil." Amlodipine produces favorable hemo- 
dynamic responses during ischemia, although 
through different cellular mechanisms from those 
of diltiazem and nifedipine.” Lucchesi and 
Tamura” administered amlodipine and saline and 
compared the results with preischemic control 
studies, They demonstrated a shift in both the left 
ventricular volume and pressure curves, indicating 
improved cardiac compliance with amlodipine ad- 
ministration. In this setting, ischemic diastolic 
function was improved. 

When they extended the occlusion and reperfu- 
sion model, they found a marked effect on calcium 
concentrations in the areas that had been occluded 
and then reperfused. The nonischemic region had 
unchanged concentrations of calcium. In both the 
noninfarcted region within the area at risk and in 
the center of the infarcted tissue, there was marked 
diminution of the calcium concentration following 
amlodipine. These results indicate that the influ- 
ence of amlodipine on calcium concentrations 
creates a potent protective effect, especially in the 
areas at risk. 

In summary, these diverse studies reveal that 
the mechanisms by which calcium antagonists con- 
fer ischemic protection are 2-fold (Figure 2). One 
involves a decrease in the calcium concentration in 
vascular smooth muscle, which produces vasodila- 
tion and related hemodynamic changes. This re- 
sults in an increase in blood flow and oxygen supply 
as well as a reduction in vascular stress. The other 
mechanism stems from the direct effects that 
calcium antagonists have in the myocytes. De- 
creased calcium concentrations in myocytes lead to 
reduced concentrations in the mitochondria. This 
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' FIGURE 2. Possible mechanism of 
action of calcium antagonists. 
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protects the mitochondria and membranes and 
reduces some of the electrocardiographic abnormal- 
ities associated with ischemia. Thus, in the acute 
ischemia model, calcium antagonists are protec- 
tive, although they do not entirely eliminate the 
myocardial ischemia produced by occlusion. 
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Platelet-Leukocyte—Endothelial Interactions in 
Coronary Artery Disease 


Jawahar L. Mehta, MD, PhD, Francesca A. Nicolini, mo, William H. Donnelly, MD, and 
Wilmer W. Nichols, PhD 


It is generally recognized that formation of a 
platelet-fibrin-rich thrombus in an atheroscle- 
rotic coronary artery is the basis of unstable an- 
gina and acute myocardial infarction. Platelet 
hyperactivity has been identified in coronary risk 
factors such as hyperlipidemia and diabetes mel- 
litus. Persistent activation of these cells results 
in release of growth factors that may contribute 
to the progression of atherosclerosis. Several 
recent studies show that endothelium, by gener- 
ating or metabolizing a host of vasoactive sub- 
stances, plays a critical role in the modulation of 
vascular tone. Important among these sub- 
stances are prostacyclin (PGI,) and endothelium- 
derived relaxing factor (EDRF). The endothelium- 
dependent modulation of coronary artery tone 
correlates with the severity of atherosclerosis 
and the number of coronary risk factors. Proce- 
dures such as angioplasty and coronary bypass 
surgery injure the endothelium. The loss of endo- 
thelial smooth muscle relaxant function may con- 
tribute to the vasoconstriction and thrombosis 
often observed soon after these procedures. 
Thrombolysis (and subsequent reperfusion of the 
coronary artery) is also associated with severe 
endothelial dysfunction, with a resulting vasocon- 
strictor influence on the coronary vascular bed. 
Activation of leukocytes and their presence in 
the reperfused myocardium contribute to pro- 
gression of myocardial injury by release of oxy- 
gen free radicals and proteolytic enzymes. Thus, 
it seems that a perturbation in this delicate equi- 
librium in cellular interactions relates to genesis 
and progression of myocardial ischemia. 

(Am J Cardiol 1992;69:8B—13B) 
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of patients with coronary artery disease 

generally shows extensive luminal narrowing 
with atherosclerosis as the dominant feature. Ath- 
erosclerosis appears in layers, with frequent orga- 
nized thrombi in the arterial wall, suggesting that 
each layer of atherosclerosis may have evolved 
following a thrombotic event. In patients dying of 
acute myocardial ischemia (unstable angina or 
acute myocardial infarction), the epicardial large 
coronary arteries supplying the involved region 
usually show a recent thrombus that almost totally 
occludes the arterial lumen.'^ Carefully conducted 
pathologic studies have revealed that the thrombus 
begins with disruption of the endothelial lining 
from a fissure or hemorrhage in the atherosclerotic 
region, resulting in exposure of subendothelial 
layers to circulating blood. Platelets adhere to 
subendothelial collagen, undergo activation, and 
release a variety of vasoactive substances that may 
cause dynamic vasoconstriction of the downstream 
coronary tree. 

Platelet activation also initiates the coagulation 
pathway involving formation of fibrin. Other cellu- 
lar elements, such as leukocytes and erythrocytes, 
may also become incorporated into the platelet- 
fibrin thrombus. Occlusion of the atherosclerotic 
coronary artery, if not opposed by naturally occur- 
ring defense mechanisms, may lead to severe reduc- 
tion in blood flow to the myocardium. If the 
thrombus is not dissolved, myocardial injury may 
ensue, followed by myocyte death. The reestablish- 
ment of coronary blood flow by pharmacologic 
(e.g., streptokinase or tissue plasminogen activa- 
tor) or physical (e.g., angioplasty and bypass sur- 
gery) means has become a therapy of choice in 
acute myocardial ischemia. However, reperfusion 
of the previously ischemic myocardium is often 
followed by morphologic and functional changes in 
the affected coronary arteries and myocardial tis- 
sues, which may by themselves be considered 
detrimental. Hence, reperfusion therapy has been 
considered a “double-edged sword." 


p examination of coronary arteries 
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In this report, we shall review our current 
understanding of the role of three major cell 
lines—platelets, leukocytes, and endothelium— 
that may have a bearing on the genesis and 
progression of myocardial ischemia. 


PLATELET FUNCTION IN CORONARY ARTERY 
DISEASE 

Nature has provided us with platelets as a 
first-line defense against bleeding when the integ- 
rity of the blood vessel is disrupted. Besides their 
dynamic role as a physiologic plug, platelets also 
provide nutrients for the maintenance of endothe- 
lial integrity. When activated, these tiny cells pro- 
duce a variety of vasoactive substances and growth 
factors. Their hyperactive status in coronary risk 
factors, such as hyperlipidemia and diabetes melli- 
tus,“ is well known and could result in vascular 
smooth muscle proliferation leading to vascular 
occlusion. During acute myocardial ischemia, plate- 
let activity in response to a variety of agonists such 
as catecholamines and thromboxane is markedly 
enhanced and in response to antagonists such as 
prostacyclin (PGI,) is diminished." At the same 
time, platelet microaggregates are often seen in the 
peripheral circulation.” Some vasoactive sub- 
stances released from activated platelets (e.g., 
thromboxane A, and serotonin) are potent vasocon- 


CBF (ml/min) 


strictors, whereas others (e.g., adenosine diphos- 
phate [ADP]) are vasorelaxants. 

The important role of platelets in the genesis of 
acute myocardial ischemia became evident from 
experiments in narrowed coronary arteries of dogs, 
which show spontaneous cyclic reductions (gradual 
decrease followed by abrupt increase) in coronary 
blood flow. These cyclic changes in blood flow are 
due to formation of occlusive platelet aggregates 
followed by their spontaneous dissolution.” These 
cyclic changes can be abolished by antiplatelet 
agents, thromboxane inhibitors, and serotonin re- 
ceptor antagonists." Similar cyclic changes in blood 
flow have also been shown in human arteries. Since 
these changes in blood flow may be followed by 
total occlusion of the coronary artery, it may be 
hypothesized that platelet aggregation occurring in 
atherosclerotic coronary arteries may contribute to 
acute myocardial ischemia. 

Cyclic flow reductions are also observed in the 
therapeutically reperfused coronary arteries prior 
to their reocclusion (Figure 1). The morphology of 
these arteries often reveals a large number of 
platelets and fibrin strands on the intimal surface 
of the artery. The endothelial lining almost always 
shows extensive disruption (Figure 2). 

Based on these considerations, use of antiplate- 
let drugs, particularly aspirin, is advocated in a 
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FIGURE 1. Cyclic changes in coronary blood flow (CBF) during thrombolysis in a dog with coronary artery thrombosis in- 
duced with passage of direct electric current (DC). Thrombolysis was achieved with tissue plasminogen activator (t-PA). 
The cyclic changes in CBF preceded reocclusion of the coronary artery, as is evident from zero blood flow. Myocardial 
segmental length (SL) increases following coronary reocclusion. Arterial pressure (AP) shows only minimal changes. 


A SYMPOSIUM: MYOCARDIAL ISCHEMIA 9B 


large number of cardiac conditions, e.g., in patients 
with unstable angina, myocardial infarction, and 
coronary artery bypass surgery, and in others receiv- 
ing thrombolytic therapy." 


ENDOTHELIAL FUNCTION IN CORONARY 
ARTERY DISEASE 

Endothelium lines all blood vessels in the hu- 
man body, weighs in total about 12 Ib, comprises 
approximately 1 x 10" cells, and traditionally has 
been thought to be a protective lining. However, it 
also secretes or metabolizes a large number of 
substances with vasodilator, vasoconstrictor, antico- 
agulant, and procoagulant activities. As such, it 
may be considered the largest paracrine organ in 
the body." Among the important vasodilator spe- 
cies generated by the endothelial cells are PGI, 
and endothelium-derived relaxing factor (EDRF). 
PGL, is derived from the cyclooxygenase pathway 
of arachidonic acid metabolism; and it is rapidly 
released locally in response to thrombin, bradyki- 
nin, high density lipoproteins, platelet-derived ADP 
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FIGURE 2. Morphology of a thrombosed coronary artery following thrombolysis showing intense platelet-fibrin deposi- 





and growth factor, tissue hypoxia, and hemody- 
namic stress. Aspirin, other nonsteroidal anti- 
inflammatory drugs, and nicotine inhibit its re- 
lease. Although short-acting (half-life is 
approximately 30 s), PGI, is a powerful vasorelax- 
ant and platelet inhibitor, and these effects of PGI, 
are mediated by an increase in intracellular cyclic 
adenosine monophosphate (cAMP). EDRF is also 
a potent vasorelaxant and platelet inhibitor, but its 
effects are mediated by an increase in intracellular 
cyclic guanosine monophosphate (cGMP). It has 
been characterized as nitric oxide or a related 
substance, derived from the amino acid L-arginine, 
and is released locally in response to acetylcholine 
and many of the same stimuli as is PGI,. EDRF, 
being a non-prostaglandin-related substance, is 
not inhibited by aspirin or nonsteroidal anti- 
inflammatory drugs. As such, vasodilation is still 
possible when the cyclooxygenase pathway is 
blocked. 

Both PGI, and EDRF serve to regulate vascular 
tone in response to physiologic and pathologic 
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tion on the vascular segment. Endothelial injury is quite evident. 
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stimuli. The vasoconstrictor effects of smooth mus- 
cle agonists is enhanced, and the effect of several 
smooth muscle relaxants is decreased, in the ab- 
sence of endothelium. Given an intact endothe- 
lium, aggregating platelets, by release of ADP, 
elicit EDRF and relax the blood vessels. In con- 
trast, given a dysfunctional endothelium, aggregat- 
ing platelets constrict blood vessels via release of 
thromboxane A, and serotonin." These consider- 
ations may be particularly relevant after coronary 
angioplasty and thrombolysis, when the endothe- 
lial lining is disrupted and platelet activation in situ 
may be responsible for dynamic coronary constric- 
tion. A recent study" shows that endothelial func- 
tion remains abnormal for several weeks even if the 
endothelial morphologic integrity is restored. This 
would imply the need for the continued use of 
spasmolytic and platelet inhibitory agents for sev- 
eral weeks after such procedures. 

In patients with stable coronary artery disease, 
release of EDRF in response to acetylcholine is 
markedly diminished." Furthermore, the endothe- 
lial dysfunction correlates with the extent of coro- 
nary artery disease as well as with the number of 
coronary risk factors. In atherosclerotic coronary 
arteries, the release of EDRF is markedly dimin- 
ished, and this decrease becomes evident even 
before development of luminal narrowing in ani- 
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FIGURE 3. Endothelial injury and disruptio 


nin a rat aortic segment resulting from exposure to superoxide radicals (a). 


mal models of atherosclerosis. Fortunately, the 
endothelial function reverts to normal as serum 
cholesterol is lowered and atherosclerosis re- 
gresses.^ Unlike EDRF, local PGI, synthesis in 
atherosclerosis may not be diminished, since the 
release of arachidonic acid is enhanced in these 
vascular segments. '^ 

Following coronary artery occlusion and reper- 
fusion, oxygen free radicals are released; these 
superoxide radicals injure the endothelium (Figure 
3). The superoxide radical-mediated endothelial 
injury results in increased smooth muscle contrac- 
tion and decreased endothelium-dependent con- 
traction." The oxygen free radical-mediated vascu- 
lar injury may relate to decreased coronary blood 
flow reserve! and coronary reactivity" after reper- 
fusion. 

Recent evidence indicates that the endothelium 
also generates a potent vasoconstrictor named 
endothelin, which is a 21-amino acid-containing 
peptide. The levels of endothelin are increased in 
acute myocardial ischemia. Besides inducing po- 
tent vasoconstriction and enhancing the effect of 
circulating catecholamines, endothelin also stimu- 
lates release of both PGI, and EDRF.” 

In addition to the several pathophysiologic states 
described above, endothelium also determines the 
vascular smooth muscle response to anoxia and 





The rat aortic segment not exposed to superoxide radicals shows intact endothelium (b). 
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reoxygenation.” Anoxia induces endothelium- 


dependent vasoconstriction and reoxygenation- 
mediated initial vasorelaxation. In the absence of 
functional intact endothelium, the primary re- 
sponse of vascular smooth muscle to anoxia is 
vasorelaxation and to reoxygenation is intense 
vasoconstriction. 


LEUKOCYTE FUNCTION IN CORONARY ARTERY 
DISEASE 

Leukocytes are a first-line defense against inva- 
sion of the body by pathogens. These cells protect 
the tissues against the noxious effect of pathogens 
by their migration to the injury site and activation 
and release of proteolytic enzymes, oxygen free 
radicals, and arachidonic acid metabolites. Informa- 
tion developed in the past decade indicates that 
these cells, like platelets, have the potential to 
enhance myocardial ischemic injury. Monocytes 
appear early at the potential site of atherosclerosis 
and subsequently transform into macrophages. 
The number of leukocytes in peripheral blood 
correlates with future cardiac events in both asymp- 
tomatic and symptomatic patients. Recent electron 
microscopic studies in patients with acute myocar- 
dial ischemia show intense activation of neutro- 
phils, involving an increase in their chemotactic 
ability, release of leukotriene B,, and release of an 
important proteolytic enzyme, elastase.” 

In animals subjected to coronary artery occlu- 
sion followed by reperfusion, leukocytes appear in 
large numbers in the myocardial interstitium and 
partially plug the microvasculature." Leukocyte 
deposition in the reperfused regions could be in 
response to expression of complement fragments 
and adhesion molecules as well as to generation of 
a superoxide radical-stimulated chemotactic factor 
in plasma. The leukocytes then become activated 
and release oxygen free radicals and proteolytic 
enzymes, which in turn could be responsible for 
progression of endothelial and myocardial injury. 
Physical obstruction of the microvascular bed by 
activated leukocytes probably contributes to de- 
creased coronary flow reserve and myocardial stun- 
ning. Early studies in which superoxide radical 
scavengers were given prior to reperfusion have 
shown much promise in terms of modification of 
coronary flow reserve and myocardial dysfunction 
seen after coronary artery occlusion and reperfu- 
sion.'^" The release of elastase” along with super- 
oxide radicals may also be an important pathogenic 
factor in “reperfusion injury." Recent studies in 
which elastase inhibitors were used suggest that 
these agents may have a beneficial role. 


Another mechanism by which leukocytes could 
participate in ischemic injury of myocardium is by 
release of leukotrienes. We have shown that pepti- 
doleukotrienes (LTC,, LTD,, and LTE,) potenti- 
ate platelet aggregation and vasoconstriction and, 
in synergy with platelet-released thromboxane A,, 
reduce coronary blood flow in the intact animal. ”” 

Recently, neutrophils and monocytes have been 
shown to produce a nitric oxide-like material that 
decreases platelet aggregation by a cGMP-depen- 
dent mechanism.^ This material also decreases 
vascular smooth muscle tone, and this effect of 
neutrophils is more pronounced in the absence of 
endothelium.^ The leukocyte-derived nitric oxide 
may have a physiologic role in preventing platelet 
deposition on the vessel wall and maintaining 
vascular tone. It may also have a pathologic role in 
the development of shock-like state, particularly 
when leukocyte number is elevated and the endo- 
thelial integrity is disrupted. 


ROLE OF SLOW CHANNEL CALCIUM 
ANTAGONISTS IN CELLULAR INTERACTIONS 

Calcium mobilization is a key step in platelet 
activation." Release of vasoactive substances such 
as thromboxane A,, serotonin, and adenine nucle- 
otides is modulated by voltage-dependent calcium 
antagonists. For example, verapamil and diltiazem 
decrease platelet aggregation, adenosine triphos- 
phate (ATP) release, and thromboxane A, genera- 
tion. Although early studies showed that the inhib- 
itory effect of these calcium antagonists is observed 
only in very high concentrations, other studies 
show that these agents, in therapeutically achieved 
concentrations, do significantly inhibit platelet acti- 
vation induced by a variety of stimuli." 

Calcium mobilization is also involved in leuko- 
cyte migration." Release of oxygen free radicals 
from activated cells parallels the increase in extra- 
cellular calcium and its subsequent influx. At 
therapeutic concentrations the voltage-dependent 
calcium antagonists verapamil and diltiazem de- 
crease leukocyte chemotaxis and superoxide radi- 
cal formation? (Figure 4). 

The vascular smooth muscle contraction in re- 
sponse to a variety of agonists is decreased by 
calcium antagonists. This has been the basis for the 
use of these agents in coronary artery disease. The 
agonist-induced release of PGI, and EDRF is also 
a calcium-dependent phenomenon. Diltiazem has 
been shown to enhance PGI, synthesis by isolated 
human blood vessels,” whereas some studies show 
a decrease in EDRF synthesis following calcium 
antagonists. These agents markedly decrease reox- 
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FIGURE 4. Reduction in neutrophil 8 
superoxide radical generation by o 
verapamil and diltiazem. This re- 3 
duction was seen in cholesterol- E 
rich as well as in cholesterol-poor oO 
neutrophils. Note that choles- 8 
terol-rich neutrophils generate I: 
fewer superoxide radicals com- g 
pared with cholesterol-poor neu- $ 
trophils. 3 
[6] 


0.1 


Verapamil (ug/mg) 


ygenation-induced (reperfusion) increase in vascu- 
lar smooth muscle tone," which most likely repre- 
sents calcium influx across the sarcolemma, and 
this may be the basis of the beneficial effect of 
diltiazem in animal models of myocardial injury 
induced by coronary artery occlusion and reperfu- 
sion.” 
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Prevalence and Prognostic Significance of 
Exercise-Induced Silent Myocardial Ischemia in 
Apparently Healthy Subjects 


Jerome L. Fleg, MD 


The addition of thallium-201 (TI) scintigraphy to 
traditional exercise electrocardiography (ECG) 
was assessed to determine whether the combina- 
tion was a more accurate predictor of future cor- 
onary events than exercise ECG alone in an ap- 
parently healthy population. There were 407 
participants enrolled in the Baltimore Longitudi- 
nal Study of Aging. The participants, who had no 
clinical or resting ECG evidence of coronary ar- 
tery disease, underwent TI scintigraphy imme- 
diately following maximal treadmill exercise. Four 
subsets of subjects were derived: (1) negative 
ECG and negative *"'TI; (2) positive ECG and nega- 
tive **'TI; (3) negative ECG and positive ?"'TI; (4) 
positive ECG and positive ?"'TI. A total of 66 indi- 
viduals (16%) had positive ECGs and 55 (14%) had 
positive ^"'TI scans. Concordant positive results 
in both tests were seen in 23 subjects (6%), with a 
T-fold increase in prevalence from ages 40—59 
years to >80 years. Over a mean follow-up of 4.6 
years, cardiac events (angina pectoris, myocar- 
dial infarction, or cardiac death) occurred in 40 of 
407 volunteers (9.8%). Analysis revealed a 48% 
incidence of cardiac events in the subset with 
concordant abnormal ECG and ?"'TI test results 
versus an event rate of 3—12% for the other 3 
groups (p <0.001). By proportional hazards analy- 
sis, age, hypertension, exercise duration, and a 
concordant positive ECG and ?"'TI scan were inde- 
pendent predictors of future coronary events. A 
concordant abnormal ECG and ?"'TI response im- 
parted a 3.6-fold relative event risk. Although not 
practical for screening the general population, 
combined exercise ECG and ?"'TI scintigraphy 
warrants further investigation as a diagnostic 
strategy in high-risk subsets with additional 
coronary risk factors. 

(Am J Cardiol 1992;69:14B—18B) 


From the Laboratory of Cardiovascular Science, Gerontology 
Research Center, Baltimore, Maryland. 

Address for reprints: Jerome L. Fleg, MD, Laboratory of 
Cardiovascular Science, Gerontology Research Center, 4940 East- 
ern Avenue, Baltimore, Maryland 21224. 


umerous studies over the last 3 decades 
IN utilized the ST-segment response to 
exercise as a screening tool for the predic- 
tion of future coronary events (i.e., angina pectoris, 
myocardial infarction, or sudden cardiac death) in 
apparently healthy populations."" Although an 
ischemic ST-segment response has consistently 
identified a subset of individuals with an increased 
risk of future events, the predictive value of this 
finding has been disappointingly low. For example, 
only 21% of subjects with such an ST-segment 
response from a pooled series comprising > 7,000 
subjects experienced a subsequent coronary event." 
Thallium-201 (^"TI) scintigraphy performed in 
conjunction with maximal treadmill exercise has 
demonstrated superior sensitivity and predictive 
value for coronary artery disease (CAD) in symp- 
tomatic patients, compared with standard exercise 
electrocardiography (ECG).'*"* Thallium scintigra- 
phy has also been used successfully to detect CAD 
in apparently healthy military air crewmen with an 
abnormal exercise ECG." Further, thallium scintig- 
raphy has been shown to provide important prog- 
nostic information in patients with known CAD” 
as well as in heterogeneous populations with chest 
pain." ^ We, therefore, hypothesized that the addi- 
tion of "'T] scintigraphy to traditional exercise 
ECG would prove a more powerful predictor of 
future coronary events than the exercise ECG 
alone in asymptomatic community-dwelling volun- 
teers.” 


METHODS 

Participants in the Baltimore Longitudinal Study 
of Aging" aged >40 years were invited to undergo 
exercise “Tl scintigraphy at the Johns Hopkins 
Hospital on the final day of one of their biennial 
visits. Of a possible 735 eligible subjects, 459 
volunteered. Data from 52 subjects were excluded 
because of resting ST-segment abnormalities 
(n — 21), bundle branch block (n — 4), technical 
insufficiencies (n — 17), or lack of follow-up data 
(n = 10). The final study population thus consisted 
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of 407 subjects (288 men and 119 women), 40-96 
years old (mean, 60), none of whom had clinical or 
resting ECG evidence of CAD. 

After informed consent was obtained, maximal 
treadmill exercise testing was conducted according 
to a modified Balke protocol. A 12-lead ECG was 
obtained during the final 30 s of each 2-minute 
stage and every minute for 6 minutes into recovery. 
An ischemic ECG response was defined as a 
horizontal or downsloping ST-segment depression 
>1 mm; lesser degrees of ST-segment depression 
were interpreted as negative. Planar thallium scin- 
tigraphy was performed after injection of 1.5-2.0 
mCi of "'Tl approximately 1 minute before exer- 
cise cessation, using a Technicare 420 or 100 
gamma camera and a general all-purpose collima- 
tor. Thallium images were obtained in the anterior, 
40° left anterior oblique, 60° left anterior oblique, 
and left lateral positions to a preset count density 
>5 x 10°. Scintigrams were read by an experi- 
enced nuclear cardiologist who was unaware of the 
clinical history and exercise ECG result. As with 
the exercise ECG, "'TI results were dichotomized 
as either positive or negative. A positive ^" Tl scan 
was defined by a segmental perfusion defect on the 
immediate post-exercise image. 

Follow-up information was obtained during sub- 
sequent biennial visits (n — 379) or telephone 
interviews (n = 28) and was 98% complete. At 
each visit, the occurrence of an interim coronary 
event was determined from a standardized angina 
questionnaire, a personal interview, and a standard 
12-lead ECG. Myocardial infarction and cardiac 
death were confirmed by hospital records, physi- 
cian correspondence, death certificate, and au- 
topsy data, as available. 

Based on the exercise ECG and "'TI results, 4 
subsets of subjects were derived: 

- negative ECG and negative ^" TI 

- positive ECG and negative "TI 

- negative ECG and positive “TI 

- positive ECG and positive "TI. 

Demographic and exercise data were compared 
among these groups by analysis of variance or 
chi-square tests, as appropriate. Sensitivity, speci- 
ficity, and predictive accuracy of the exercise ECG, 
1T] scan, and their combination for the develop- 
ment of future coronary events were calculated by 
standard formulas. Conventional risk factors (e.g., 
age, sex, current smoking status, hypertensive sta- 
tus, total serum cholesterol, fasting blood sugar, 
body mass index) and exercise-derived variables 
(e.g., ECG results, "TI results, exercise duration, 
and percent maximal age-predicted heart rate 





achieved) were analyzed by Cox's method of propor- 
tional hazards to determine the risk for future 
coronary events. 


RESULTS 

The coronary risk profile of this predominantly 
white, well-educated, upper-middle-class sample 
was low. Hypertension, usually mild and readily 
controlled by diuretics, was present in 3746; only 
14% were current smokers. Serum cholesterol 
averaged 215 + 37 mg/dL. Only 3% were diabetic 
and 896 were obese, as defined by a body mass 
index >30 kg/m’. 

Exercise duration for the entire sample aver- 
aged 10.7 + 4.1 minutes, representing 97 + 8% of 
the age-predicted maximal heart rate. Only 9 
subjects (2%) with normal ECG and ^"TI results 
failed to reach 8596 of their age-predicted maximal 
heart rate. Overall, 66 individuals (16%) had posi- 
tive exercise ECGs and 55 (14%) had positive ^" TI 
scans. Concordant positive findings in both tests 
were seen in 23 subjects (696) and concordant 
negative results in 309 (76%). The prevalence of 
concordant abnormal ECG and “TI findings in- 
creased with age from 2% at « 60 years to 15% in 
those >80 years (Figure 1). Conversely, concor- 
dant negative ECG and "TI declined in preva- 
lence from 85% « 60 years old to 5846 in the 9th 
and 10th decades. 

Over a mean follow-up of 4.6 years, cardiac 
events occurred in 40 of the 407 volunteers (9.8%). 
Initial events (Table I) consisted of angina pectoris 
(n = 20), nonfatal myocardial infarction (n = 13), 
and cardiac death (n = 7, including 4 sudden 
deaths). Five individuals, all men, later experi- 
enced a second coronary event. As expected, the 40 
subjects experiencing an event were older, more 
likely to be hypertensive, and had shorter exercise 
duration than those free of events (Table I). 
Current smoking status, total serum cholesterol, 
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FIGURE 1. Prevalence of concordant positive exercise and 
thallium-201 results by age. Note the more than 7-fold in- 


crease from the 5th and 6th decades to the 9th decade 
(chi-square, 12.4; p < 0.01). 


A SYMPOSIUM: MYOCARDIAL ISCHEMIA 15B 





AN 


UTR T 


TABLE I Distribution of Conventional Risk Factors and Exercise 
Results by Cardiac Event Status 


No Event Event p Value 


Conventional risk factors (n = 367) (n = 40) 
Age (yr) 59.2+10.9 663-97 «0.001 
Sex (% male) 69.5 82.5 0.09 
Smokers (% current)* 14.7 12.5 NS 
Hypertension (%)t 33.8 62.5 « 0.001 
Fasting plasma glucose 101.0 + 19.1 102.8 + 13.6 NS 
(mg/dL) 
Total cholesterol (mg/dL) 214.2 + 36.5 219.5 + 35.0 NS 
Body mass index (kg/m?) 25.2 + 3.6 25.4227 NS 
Exercise variables 
Duration (min) 11.0 + 4.1 8323.7  Á «0.001 
MHR (% of predicted) 96.8 + 8.0 94.6 + 9.7 
Positive ECG (%)+ 13.6 40.0 
Positive ??' T] (%)§ 11.7 30.0 
Positive ECG and 4.3 275 
Positive *°'T| (%) 
Negative ECG and 77.9 57.5 
Negative ??! T| (%) 
*Smokers were defined as those who smoked at least 5 cigarettes er 
THypertension was defined by the presence of a blood pressure of > 160/95 mm Hg 
or treatment with antihypertensive drugs. 
Includes all subjects with a-positive ECG, irrespective of ^?! TI results. 
SIncludes all subjects with a-positive *?! TJ, irrespective of ECG results. 
For continuous variables, vaiues represent mean + standard deviation. 


ECG = electrocardiogram; MHR = maximal heart rate; NS = nonsignificant; ^?! T| = 
thallium —201 scan. 


and fasting plasma glucose did not differ among 
groups. 

The cardiac event rates for the 4 subsets defined 
by ECG and "TI results appear in Table II. Most 
striking is the 48% incidence of events in the small 
subset with concordant abnormal test results. By 
contrast, the event rate was only 3-12% for the 
other 3 groups. No differences among the groups in 
time to event were found. Event-free survival for 
these 3 groups is compared with that of the 
concordant positive group in Figure 2. 

By proportional hazards analysis, age, hyperten- 
sion, exercise duration, and a concordant positive 
ECG and ""TI scan were independent predictors of 
future coronary events. Individuals with concor- 
dant abnormal results were at 3.6-fold relative risk 
for developing a future event, independent of 
conventional coronary risk factors. Although the 
sensitivity of concordant abnormal tests for a 
future event was only 28% versus 40% for the 
exercise ECG alone, positive predictive value was 








doubled from 24% to 48% by the combination of a 
positive ECG and positive "'TI scan. 


DISCUSSION 

In this group of asymptomatic volunteers, TI] 
scintigraphy in combination with a conventional 
exercise ECG proved a better predictor of subse- 
quent coronary events than exercise ECG alone, 
since the combination identifies a small high-risk 
subset with nearly a 50% incidence of events over 
the ensuing 4.5 years. The higher risk of these 
concordant abnormal responders to ECG and "'TI 
testing is predictable from Bayes' theorem. In a 
general population of apparently healthy individu- 
als, an abnormal ECG response to exercise would 
be expected to predict only a modest increased risk 
for future coronary events, presumably because of 
the large percentage of false-positive responders. 
If, however, the response to "'TI testing is also 
positive, the probability of a true positive response 
(i.e., the presence of myocardial ischemia due to 
coronary artery disease) increases dramatically. 
Exercise “'Tl scintigraphy has also been used 
successfully to assess prognosis in patients with 
known" or suspected"? coronary artery disease. 

If silent ischemia is defined by a concordant 
positive exercise ECG and "TI scan, the overall 
prevalence was 6% and increased dramatically 
with age. Applying our 1146 prevalence of concor- 
dant positive test in individuals >65 years old to 
the American population, the number of totally 
asymptomatic elderly with silent ischemia would 
approach 2.7 million. 

Given their lack of symptoms, the development 
of angina pectoris, myocardial infarction, or sud- 
den cardiac death in 4896 of the subset with 
concordant abnormal exercise ECG and "TI re- 
sults over the subsequent 4.5 years is striking; this 
figure represents twice the positive predictive value 
of an abnormal ECG alone in this population. A 
similar incidence of angina or myocardial infarc- 
tion, 33% over 3 years, was found in 12 asymptom- 
atic men with a positive exercise ECG and coro- 


TABLE Il Distribution of Initial Coronary Events and Thallium-201 Test Results 


No. of Follow-up 
Group Patients (mean years) 


Neither test positive 
Only ECG positive 
Only ??' TI positive 
Concordant positive 
ECG and ??'TI 





Total 407 4.6 


Myocardial Cardiac 


Angina Infarction Death Events (96) 


20 13 7 10 


*p «0.001 vs each of the other 3 groups. 
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FIGURE 2. Event-free survival of 
23 asymptomatic volunteers with 
concordant positive responses to 
both exercise electrocardiogram 
and thallium-201 scintigraphy 
compared with the other 384 sub- 
jects. The risk of a coronary 
event was markedly increased in 
the former group (p = 0.0002 by 
proportional hazards analysis). 
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nary artery calcification on fluoroscopy.” Somewhat 
lower CAD event rates, 28% over a mean observa- 
tion period of 4.8 years and 40% over 8 years, were 
noted, respectively, in 78 asymptomatic military air 
crewmen” and 50 middle-aged Norwegian men” 
with positive exercise ECGs and angiographically 
proven CAD. The lower morbidity in these latter 2 
groups may relate to their younger age and perhaps 
less severe CAD. 

The low sensitivity of concordant positive ECG 
and "'TI scan in the overall sample reinforces the 
concept that such screening is not a particularly 
effective strategy in unselected asymptomatic pop- 
ulations. Indeed, 58% of the subjects who subse- 
quently developed an event had normal responses 
to both tests. Nevertheless, previous studies have 
shown that exercise screening may be considerably 
more cost-effective in subsets with additional coro- 
nary risk factors.” Combined exercise ECG and 
IT] testing should be further investigated as a 
diagnostic strategy in such high-risk subsets. 
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Silent ischemia after myocardial infarction has 
definite prognostic significance but should be 
interpreted within the context of other prognostic 
indicators. The rationale for therapeutic interven- 
tion is based on the prognostic implications of 
silent ischemia and the potentially deleterious 
effect of repeated episodes of ischemia on the 
integrity of the left ventricle. We measured pa- 
rameters of ischemia in 20 patients who showed 
asymptomatic ischemic ST-T changes on exercise 
testing in the early phase after myocardial infarc- 
tion. After diltiazem administration, a reduction 
of exercise-induced ST-T depression from 
2.3 + 0.8to 0.7 + 0.6 mm (p « 0.01) occurred, 
and regional wall-motion score at exercise, de- 
termined by radionuclide angiography, improved 
significantly (p « 0.02). These and other observa- 
tions warrant further studies in which the dura- 
tion, severity and frequency of the ischemic epi- 
sodes should be quantified and correlated with 
prognosis after myocardial infarction. 

(Am J Cardiol 1992;69:19B—24B) 
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infarction, particularly if it is asymptomatic or 

silent, is more difficult to define and recognize 
than is ischemia in the chronic stages of coronary 
artery disease. In view of the variability that is 
commonly seen in the evolving myocardial infarc- 
tion, particularly the accompanying electrocardio- 
graphic changes (e.g., ST-segment depression or 
elevation or evolution of Q-waves),' it is not practi- 
cal to use the term “silent ischemia" in the first 
days of myocardial infarction. On the other hand, 
after a certain period of time, the clinical picture 
becomes indistinguishable from that of chronic 
coronary artery disease. For a meaningful defini- 
tion of postinfarction ischemia, it is, therefore, 
necessary to define a time frame. In our studies we 
have chosen the period between days 4 and 31 after 
the acute event. 

Evidence of postinfarction ischemia encom- 
passes a range of manifestations, from symptoms of 
early recurrent angina pectoris to a positive but 
*silent" stress test (that is, a stress test showing 
unequivocal evidence of ischemia in the absence of 
angina pectoris or other symptoms; Table I). In the 
literature on silent myocardial ischemia, relatively 
little attention is given to the definition of electro- 
cardiographic evidence of ischemia. Nevertheless, 
spontaneously occurring nonspecific electrocardio- 
graphic ST-T changes are relatively common after 
acute myocardial infarction and do not always 
indicate the presence of ischemia. Further, exer- 
cise tests using electrocardiographic criteria may 
be difficult to interpret in the presence of marked 
repolarization disturbances at rest. To be consid- 
ered evidence of myocardial ischemia with accept- 
able accuracy, postinfarction electrocardiographic 
changes at Holter monitoring or exercise testing 
should fulfill criteria for ischemia that have proven 
to be sufficiently specific." * 

It has long been recognized that in risk stratifica- 
tion after myocardial infarction, evidence of isch- 
emia at exercise testing is one of the major indica- 
tors of the future occurrence of reinfarction and 
death. Indeed, for many years this has been the 


ES following an episode of myocardial 
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TABLE I Manifestation of Postmyocardial Infarction Ischemia 


. Spontaneous transient (ischemic) ECG changes, including recurring 
or extending ST elevations 

2. Early recurrent angina pectoris 

3. Positive ECG exercise test 

4. Positive isotope tests showing reversible perfusion defects or deteri- 

oration of left ventricular function during exercise 


ECG = electrocardiographic. 


basis of strategies in the management of postinfarc- 
tion patients.*^ More recently, emphasis has been 
placed on the prognostic significance of asymptom- 
atic or silent myocardial ischemia. Various studies 
have demonstrated that silent ischemia following 
myocardial infarction—detected by Holter monitor- 
ing or electrocardiographic exercise testing," * or 
demonstrated at exercise testing by perfusion de- 
fects and increased lung uptake by thallium-201 
scintigraphy,""^ or seen as a decrease of global 
ejection fraction and the development of wall 
motion abnormalities using radionuclide angiogra- 
phy'^'—has prognostic implications similar to those 
following the occurrence of symptomatic ischemia. 

Manifestations of silent ischemia may be abol- 
ished by drugs commonly used to treat angina 
pectoris. After acute myocardial infarction, cal- 
cium antagonists, by virtue of their vasodilating 
and afterload reducing properties, appear to be a 
logical choice to treat ischemic episodes. This 
assumption is supported by the Multicenter Dilt- 
iazem Postinfarction Trial (MDPIT), which showed 
a reduction of postmyocardial infarction mortality 
in patients who had received diltiazem and had no 
left ventricular dysfunction, although an increase 
in mortality was noted in patients who had evi- 
dence of pulmonary congestion.'*" Diltiazem was 
also shown in the Diltiazem Reinfarction Study to 
be effective in preventing early reinfarction and 
severe angina after non-Q-wave infarction." How- 











:4 Control 
d Diltiazem 









ever, in neither study were patients stratified ac- 
cording to the presence of residual or silent isch- 
emia, and the effect of diltiazem on the occurrence 
of silent ischemia was not studied. 


DILTIAZEM FOR SILENT ISCHEMIA GIVEN 
EARLY AFTER MYOCARDIAL INFARCTION 

To determine the efficacy and safety of adminis- 
tration of diltiazem early after myocardial infarc- 
tion in patients with residual silent ischemia, we 
studied 20 postinfarction patients who showed 
»]-mm asymptomatic ST-T depression during 
exercise testing with radionuclide angiography." 
The patients underwent repeated exercise radionu- 
clide angiography 2 days later, 2 hours after oral 
intake of 120 mg diltiazem. The double product 
was not significantly altered before or after dilt- 
iazem, both at rest and during exercise. Maximal 
ST-T depression after diltiazem was reduced from 
2.3 + 0.8 to 0.7 + 0.6 mm (p «0.01). Left ventricu- 
lar ejection fraction at rest before diltiazem was 
54.4 + 8.7% and after diltiazem 56.2 + 11.3% (dif- 
ference not significant). During exercise, left ven- 
tricular ejection fraction improved after diltiazem 
from 43.2 + 12.2% to 49.8 + 10.5% (p «0.05) 
(Figure 1). Regional wall motion score (1 — nor- 
mal, 4 — dyskinetic, X3 segments) at rest before 
diltiazem was 9.6 + 2.0 and after diltiazem 9.1 + 1.8 
(difference not significant). During exercise, re- 
gional wall motion score improved after diltiazem 
from 5.8 + 1.3 to 4.3 € 1.1 (p « 0.02). In conclu- 
sion, the study showed diltiazem to have beneficial 
effects on electrocardiographic ST-T depression 
and on both global and regional left ventricular 
function in postinfarction patients with silent myo- 
cardial ischemia. 


FIGURE 1. Left ventricular ejec- 
tion fraction (LVEF) at rest and 
during exercise before (control) 
and after diltiazem. (Reprinted 
with permission from Am Heart 
AK) 


Exercise 
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SILENT ISCHEMIA AS A MARKER OF 
PROGNOSIS AFTER MYOCARDIAL INFARCTION 

Silent ischemia has proven to be a valuable 
predictor of the occurrence of cardiac events follow- 
ing acute myocardial infarction. However, it is just 
one parameter in a series of factors that are known 
to be of prognostic significance (Table II). Among 
these, the size of infarction, that is, the amount of 
myocardial tissue loss, appears to have the highest 
predictive power in both the acute and the chronic 
stages.*”’ Therefore, treatment of acute myocar- 
dial infarction is primarily directed toward reduc- 
tion of infarct size by early reperfusion.^^^ Loss of 
pump function is dependent, to a large extent, on 
infarct size but is also subject to other mechanisms 
such as postinfarction “remodeling” of the left 
ventricle.” Infarct localization also has partly 
independent prognostic significance." 

After myocardial infarction, coronary anatomy 
appears to have less predictive value than the left 
ventricular angiogram. However, in the early 1970s 
it had already been demonstrated that the predic- 
tive power of the combination of left ventricular 
and coronary angiograms was greater than the 
predictive power of either one alone or in combina- 
tion with clinical data." In a more recent study 
Proudfit et al” showed that in patients with previ- 
ous myocardial infarction without subsequent an- 
gina, similar to group C of the Coronary Artery 
Surgery Study (CASS), prognosis was related to 
impairment of left ventricular function and extent 
of coronary artery disease. Weiner et al," using the 
CASS registry data, showed that within the subset 
of patients with silent ischemia the coronary arte- 
riogram retained significant prognostic power. Since 
>50% of their patients had prior myocardial 
infarction, these findings are also valid for postin- 
farction patients. 

Electrocardiographic markers of prognosis relate 
to ORS morphology and cardiac rhythm. The 
prognosis after O-wave infarction appears to be 
different from that after non-Q-wave infarction, 
although the differences are in part dependent on 
age and previous myocardial infarction.” Bundle 
branch block complicating acute myocardial infarc- 
tion adds to the postmyocardial infarction risk, 
particularly in the period shortly after the acute 
event.” Developments in signal-averaging tech- 
niques (high-resolution electrocardiogram) have 
made it possible to record and identify late poten- 
tials, which are markers for propensity to ventricu- 
lar arrhythmias. Therefore, late potentials merit a 
place in risk stratification after myocardial infarc- 
tion. ^ Recently, in experimental and clinical stud- 


TABLE II Prognostic Indicators After Acute Myocardial 
Infarction 


. Size of infarction 
. Localization of infarction 
. Residual pump function 
. Coronary artery obstructions 
.. Myocardial ischemia (silent or symptomatic) 
. Electrocardiographic 
a. Changes of QRS complex 


Q-waves 
Intraventricular conduction disturbances 
Late potentials 
b. Rhythm disturbances 
Ventricular tachycardia and ventricular fibrillation 
Premature ventricular contractions 
Supraventricular rhythm disturbances 
Heart rate variability 
. Risk factors (hypertension, hyperlipidemia, diabetes mellitus, smok- 
ing, etc.) 





ies, attention has also been focused on the prognos- 
tic significance of heart rate variability, in particular 
after myocardial infarction." 

Commonly recognized risk factors for the devel- 
opment of coronary atherosclerosis, such as hyper- 
cholesterolemia, also appear to have an influence 
on the prognosis of postinfarction patients, al- 
though their importance in secondary prevention is 
less marked than it is in primary prevention.” 

Therefore, in our opinion the prognostic signifi- 
cance of postinfarction ischemia, whether silent or 
symptomatic, should be interpreted within the 
context of the entire risk profile of the individual 
patient to achieve an optimal risk stratification. 
Using the presence or absence of silent myocardial 
ischemia as the sole or major determinant of 
prognosis should be avoided, particularly in pa- 
tients who have a history of acute myocardial 
infarction. 


TREATMENT OF POSTINFARCTION SILENT 
ISCHEMIA 

The rationale for treatment of silent myocardial 
ischemia rests on two considerations: the prognos- 
tic significance of ischemia and the possibility that 
silent ischemia itself may exert harmful effects. It 
has been postulated (but not yet proven) that 
episodes of ischemia may cause microscopic myo- 
cardial necrosis and that repeated episodes may 
eventually lead to deterioration of left ventricular 
function. It is difficult to assess the potentially 


prone to have progression of coronary artery dis- 
ease. In an angiographic follow-up study including 
300 patients with mainly stable coronary artery 
disease, Visser et al” observed deterioration of left 
ventricular contractions only in patients who had 
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severe progression of their coronary artery obstruc- 
tions. In essence the same may be true in postmyo- 
cardial infarction patients once the process of 
remodeling is completed, which is after about 1 
month.” Clinical studies of this problem are cum- 
bersome because they require not only follow-up of 
left ventricular function but also repeated assess- 
ments of coronary anatomy by coronary arteriogra- 
phy. If ischemia, whether silent or symptomatic, 
causes myocardial necrosis, this can only occur if 
the episodes of ischemia are severe and the dura- 
tion of ischemia is long enough. Silent ischemia 
may be more prone to cause myocardial damage 
than does symptomatic ischemia because of its 
characteristic lack of a warning mechanism. These 
assumptions, however, are purely hypothetical and 
require further investigation. 

Other potentially deleterious effects include 
induction and modulation of rhythm disturbances. 
This could be one of the mechanisms that may 
cause life-threatening arrhythmias and unexpected 
sudden death. The occurrence of mild rhythm 
disturbances in association with silent ischemia 
may be a warning sign, and, conversely, mainte- 
nance of normal sinus rhythm during episodes of 
marked ischemia may indicate a low risk. These 
aspects should be given particular consideration in 
the interpretation of Holter recordings and electro- 
cardiographic exercise tests. 

In summary, the question whether silent isch- 
emia requires treatment cannot be answered uncon- 
ditionally but is subject to the severity and duration 
of the ischemic episodes and a variety of other 
factors. This, of course, relates mainly to patients 
who exhibit solely silent ischemia; the decision- 
making process is considerably less complicated in 
patients who also experience episodes of angina 
pectoris. If a decision is made to treat a patient 
with silent ischemia, the most direct approach is to 
eliminate the source of ischemia by surgical or 
catheter revascularization. There are no indica- 
tions that the atherosclerotic changes of the coro- 
nary arteries in patients who have had a myocardial 
infarction are different in those who exhibit silent 
ischemia compared with those who do not, and, 
therefore, the same results of coronary revascular- 
ization may be anticipated. This is substantiated by 
the good results of percutaneous transluminal 
coronary angioplasty (PTCA) and coronary sur- 
gery in patients with silent ischemia.” 

If the coronary obstructions are not amenable to 
revascularization or revascularization is not feasi- 
ble or desirable for other reasons, then medical 
management should be considered. Nitrates may 


suppress evidence of silent ischemia"; in postinfarc- 
tion patients isosorbide mononitrate was shown to 
be effective and well tolerated." Beta-blocking 
agents were shown to improve left ventricular 
function as assessed by radionuclide studies in 
patients with silent ischemia by Cohn and Law- 
son." Willich et al“ determined the effects of 
metoprolol on silent ischemia and platelet aggrega- 
bility in patients with proven coronary artery dis- 
ease; metoprolol decreased the number and dura- 
tion of ischemic episodes, but the mechanism of 
action was not related to inhibition of platelet 
aggregation. 

Mahony” showed in 6 patients with silent isch- 
emia and documented coronary artery disease that 
aspirin decreased the number of episodes of myo- 
cardial ischemia. This finding suggests that platelet 
aggregation is one of the causative mechanisms in 
silent ischemia. 

Cohn et al“ treated patients with combinations 
of drugs in the Nifedipine Total Ischemia Aware- 
ness Program study. Best results were seen after 
nifedipine was added to nitrates or Q-blocking 
agents in patients with either frequent or long 
episodes of silent ischemia. Mulcahy et al" found 
in patients with proven coronary artery disease that 
nifedipine, unlike atenolol, had little effect on 
either the frequency or total duration of ischemic 
episodes and did not alter the circadian distribu- 
tion of ischemic episodes; the authors concluded 
that this finding is against the theory that ambula- 
tory ischemia is mainly caused by alterations in 
coronary vasomotor tone. 

Frishman and Teicher* found that diltiazem 
reduced the number of episodes of silent ischemia 
in patients with chronic stable angina, whereas 
combination therapy with nifedipine provided no 
further advantage. In our study the result of a 
single oral dose of diltiazem in patients with silent 
ischemia after myocardial infarction was impres- 
sive.” It is difficult to explain this result exclusively 
by a vasodilatory or afterload reducing effect, 
particularly since hemodynamic monitoring re- 
vealed no significant reduction of the double prod- 
uct. Redistribution of coronary flow with restora- 
tion of a normal epicardial-endocardial gradient as 
was demonstrated in an experimental model by 
Bache and Dymek,” may have played a role, or 
there may have been a direct calcium-entry block- 
ing effect at the myocyte level. 

Further studies are required to determine 
whether treatment with diltiazem results in sus- 
tained relief of ischemic episodes and, eventually, 
to improvement of prognosis. 
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DISCUSSION 

Question: Recently, it has been observed that 
administration of certain anti-ischemic agents to 
patients with symptomatic ischemia is associated 
with a great reduction in frequency and duration of 
ischemic episodes. However, there is no difference 
when it comes to silent ischemia. This raises the 
question: What are the differences between symp- 
tomatic and asymptomatic ischemia, if indeed there 
are any? 

Dr. Bruschke: These data are exactly opposite 
what we found in our study, and I have no 
explanation for them. However, in some publica- 
tions it is suggested that silent ischemia is an entity 
that should be treated differently from ischemia in 
general. I prefer to believe that ischemia is isch- 


emia and that silent and symptomatic ischemias 
differ only in their manifestations. 

Question: In post-transplant patients, it has 
been found that ischemia is always silent. Yet, 
when examined on autopsy, it can be seen that 
these patients can have very serious infarction, and 
sudden death frequently occurs as a result of 
ischemia and infarction. Does this suggest to you 
that ischemia, whether silent or painful, is a very 
important factor to consider, or that detection of 
ST-segment depression on Holter monitoring does 
not provide sufficient information and that better 
ways of detecting ischemia should be developed? 

Dr. Bruschke: Yes, but then it must be decided 
what it is we want to treat. Do we want to treat the 
ischemia or the underlying coronary artery dis- 
ease? In this setting, ischemia is a powerful marker 
of the presence of coronary artery disease and the 
results achieved through interventions such as 
PTCA or surgery. However, I am not certain at all 
whether ischemia itself deserves treatment when it 
is painless in post-transplant patients because isch- 
emia is essentially a symptom of a disease. If no 
arrhythmias are present when ischemia occurs, 
ischemia may have no other consequences than 
being a very powerful marker of underlying coro- 
nary disease that must be treated. 


24B THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 MARCH 6, 1992 


Use of Intravenous Diltiazem in Patients with 
Acute Coronary Artery Disease 


Allan S. Jaffe, MD 





The use of calcium antagonists for the treatment 
of patients with unstable angina and acute myo- 
cardial infarction has been a promising area of 
both basic and clinical research. Despite consis- 
tently beneficial effects experimentally, the clini- 
cal extrapolation of these results has been less 
than ideal, especially in patients with evolving 
myocardial infarction. Calcium antagonists have 
in some instances failed to manifest benefit and 
at times have been shown to have negative ef- 
fects. One reason for this could be the use of oral 
or sublingual preparations, which result in vari- 
able absorption, variable volumes of distribution, 
and variable clearance. For this reason, an intra- 
venous preparation of one of the calcium antago- 
nists, diltiazem, may be more beneficial. Such a 
preparation has been developed and its safety 
confirmed in patients without cardiovascular dis- 
ease and in patients with acute infarction. Sub- 
stantial benefit has been documented in patients 
with stable angina and during noncardiac sur- 
gery. Preliminary data in patients with unstable 
angina suggest that the drug is effective, al- 
though studies comparing intravenous diltiazem 
with other agents or with the oral preparation of 
diltiazem have not yet been reported. Experimen- 
tal data in animals with acute infarction have 
demonstrated that administration of intravenous 
diltiazem after occlusion, but prior to reperfu- 
sion, elicits a marked increase in the degree of 
myocardial salvage induced by thrombolysis. This 
appears to be due to the inhibition of lipid peroxi- 
dation rather than alterations in coronary perfu- 
sion. Thus, it appears that the intravenous prepa- 
ration may permit the more effective use of 
diltiazem in patients with acute coronary artery 
disease. 
(Am J Cardiol 1992;69:25B—29B) 
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r | he direct protective effects of calcium antag- 
onists on myocardium during ischemia and 
reperfusion have been known in experimen- 

tal models for many years. A significant reduction 
in the magnitude of myocardial dysfunction and 
the extent of myocardial injury after transient 
ischemia and reperfusion have been documented 
by multiple investigators." ^ Unfortunately, the abil- 
ity to extrapolate these benefits to patients with 
unstable angina and acute myocardial infarction 
has been less than ideal. The majority of studies in 
which calcium antagonists have been administered 
acutely to patients with evolving myocardial infarc- 
tion have failed to show benefit and in some 
instances there has been documentation of nega- 
tive effects.’ The data in patients with unstable 
angina have been somewhat more positive, depend- 
ing on the agent utilized, but clear acute benefit 
over previous existing therapies has been shown 
only in some studies." There may be many rea- 
sons for the disparate results observed. Among 
these reasons are the variable absorption, volumes 
of distribution, and clearance of the diverse cal- 
cium antagonists when these agents are given 
orally or sublingually. Thus, it is possible that 
intravenous preparations will be more effective. 


INITIAL STUDIES WITH INTRAVENOUS 
DILTIAZEM 

The initial clinical studies with intravenous 
diltiazem in normal subjects revealed that after an 
initial bolus, a low-dose infusion of 10 mg/hour 
continued over 48 hours produced stable plasma 
concentrations of approximately 150 ng/liter. The 
median half-life for elimination of intravenous 
diltiazem was 206 minutes, with a range of 144—452 
minutes. Diltiazem induced a dose-dependent 
alteration of the PR interval that was small in 
magnitude at plasma concentrations that from 
experimental studies were thought to be advanta- 
geous clinically. In patients with acute myocardial 
infarction, intravenous diltiazem induced only mild 
reductions in heart rate, systemic vascular resis- 
tance, and blood pressure." Although the effects in 


A SYMPOSIUM: MYOCARDIAL ISCHEMIA 25B 


^u Lao 


these patients seemed moderate and were well 
tolerated, there are data to suggest that calcium 
antagonists,’ including diltiazem,” might have 
substantial negative inotropic properties in many 
patients. One part of the controversy over these 
eflects is related to the misperception that the 
various calcium antagonists have similar hemody- 
namic and direct cardiac effects. Another is related 
to studies published by different investigators in 
different groups of patients that appear to conflict. 

An important contribution to clarification of 
this controversy was reported by Kurnik et al,'* who 
demonstrated that the change in vascular resis- 
tance induced by nifedipine was related in large 
part to the extent of resting vascular resistance 
prior to administration of the agent. Thus, nife- 
dipine exerted a marked effect on vascular resis- 
tance, with reflex sympathetic activation and im- 
provement in hemodynamics, in patients with 
markedly abnormal hemodynamics. However, in 
patients with more normal values, vasodilation was 
mild, sympathetic activation less, and the negative 
inotropic properties of nifedipine were more clearly 
evident. This variable effect on vascular resistance 
related to the level of resting arterial tone is likely 
applicable to all of the calcium antagonists to some 
extent in the absence of very severe ventricular 
dysfunction. This would help to explain in part why 
Ferlinz and Citron" with verapamil and Walsh et 
al^ with diltiazem have shown that there is marked 
improvement in hemodynamics when these agents 
are administered to patients with significant conges- 
tive heart failure, despite documentation that these 
agents can impair hemodynamic performance in 
other situations.” Of the available calcium antag- 
onists, diltiazem appears to have the least adverse 
effect on hemodynamics in patients with acute 
ischemia and might even be beneficial in many 
patients. 

With this background, initial studies with intra- 
venous diltiazem were performed in patients with 
stable angina in whom coronary and central hemo- 
dynamics were measured before and after atrial 
pacing and before and after the administration of 
the agent.” A high-dose infusion of diltiazem 
reduced left ventricular systolic pressure by reduc- 
ing systemic resistance by a larger percentage than 
the increases in cardiac output. Coronary flow rose 
transiently by 20% despite reduction in blood 
pressure due to the effects of the agent on coronary 
vascular resistance. Heart rate, filling pressure, 
myocardial oxygen consumption, and measures of 
contractility were unchanged. During pacing, sus- 
tained infusion of diltiazem reduced myocardial 
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oxygen consumption sufficiently to more than com- 
pensate for the small reduction in coronary perfu- 
sion. 

Accordingly, the agent significantly reduced isch- 
emia as indicated by the improved arteriovenous 
extraction of lactate, less ST-segment depression, 
and improved hemodynamics. It appears that the 
effects in this study were attributable in part to 
higher doses of the agent, since in other trials lower 
doses were insufficient to induce improvement in 
coronary hemodynamics in the presence of reduc- 
tions in coronary perfusion pressure.” Nonethe- 
less, these effects on pacing-induced ischemia are 
similar to those reported previously with other 
calcium antagonists.” 7 

Subsequently, the effects of intravenous dilt- 
iazem were evaluated in a series of studies of 
patients undergoing percutaneous transluminal cor- 
onary angioplasty (PTCA) and surgery. The results 
of studies with intravenous diltiazem during PTCA 
have been diverse, with some studies suggesting 
significant obviation of ischemia during balloon 
occlusion and some demonstrating less marked 
effects.” The results of Godet et al," who used 
intravenous diltiazem intraoperatively during non- 
cardiac surgery, have been more remarkable. Dilt- 
iazem in modest doses (0.15 mg/kg as a bolus 
followed by a continuous infusion of 3 
ug kg "min ?) elicited only minor perturbations in 
hemodynamics even in combination with anes- 
thetic agents in patients with known “stable 
angina." Diltiazem reduced ST-segment alter- 
ations, which were used as a marker of ischemia, 
from 25 episodes in 11 patients who received 
placebo to 8 episodes in 6 patients receiving 
intravenous diltiazem. 


STUDIES IN UNSTABLE ANGINA 

The oral preparation of diltiazem has been used 
to treat patients with unstable angina. In the 2 
randomized studies published to date, diltiazem 
has been at least as effective as propranolol for the 
treatment of patients with unstable angina.'™' 
Théroux et al," in a study of 100 patients, found 
that propranolol and diltiazem were comparable in 
reducing the number of episodes of chest discom- 
fort (from a baseline of 0.75 episodes/day/patient 
to 0.6 episodes/day/patient for propranolol and 
0.29 episodes/day/patient for diltiazem) and in the 
percentage of patients rendered pain free (78% in 
the propranolol group compared with 80% in the 
diltiazem group). Andre-Fouet et al" in a study of 
70 patients with unstable angina, found that both 
diltiazem and propranolol reduced anginal epi- 
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sodes comparably in patients with rest and exer- 
tional pain, but diltiazem was far more effective 
(Figure 1) than propranolol in patients with rest 
pain alone. 

An intravenous preparation of diltiazem would 
facilitate its use in patients with unstable angina. A 
preliminary, nonrandomized trial of intravenous 
diltiazem in patients with unstable angina has been 
published by Colombo et al.” Ten patients, aged 
35-78 years (mean 57 years), were studied. Of 
these patients, 9 of 10 had discomfort refractory to 
medical treatment (i.e., oral or transdermal nitro- 
glycerin, oral B blockers, and oral calcium antago- 
nists). Patients were selected who had ST-segment 
changes (either ST-segment depression or ST- 
segment elevation) with episodes of discomfort. 
The response to intravenous diltiazem, which was 
the sole treatment whenever possible, was deter- 
mined by the number of tablets of sublingual 
nitroglycerin used after 24 hours of treatment. 
Subsequently, the infusion was continued for 3-10 
days, depending on the clinical response. Table I is 
from the trial of Colombo et al, and indicates the 
marked therapeutic response to intravenous dilt- 
iazem. This response was achieved with little mor- 
bidity; in only 1 patient did the infusion have to be 
discontinued, and that was because of atrioventric- 
ular dissociation. Blood pressure and heart rate 
changed only modestly. This preliminary study has 
served as a template for the more intensive studies 
now ongoing in patients with unstable angina. 


STUDIES IN ACUTE MYOCARDIAL INFARCTION 
It is in the setting of acute myocardial infarction 

that trials of calcium antagonists have been most 

disappointing.’ This might be due in part to morbid- 
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FIGURE 1. Results of treatment with diltiazem (D) or pro- 
pranolol (P) in patients with unstable angina. Diltiazem 
was superior to propranolol in patients with rest pain 
alone (a) but equivalent therapeutically to propranolol in 
patients with rest and exertional pain (b). Dotted 

areas — success; diagonal lines — failure. (Reproduced 
with permission from Eur Heart J.*°) 
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B = baseline condition (24 hours before beginning of treatment with diltiazem). 

*p «0.05; tp «0.01; 1p «0.001. 

§Because on days 9 and 10 only 1 patient was studied, the numbers of anginal 
attacks reported and nitroglycerin tablets taken is an absolute rather than a mean 
value. 

“Reprinted, with permission, from Colombo G. Intravenous diltiazem in the 
treatment E unstable angina: A study of efficacy and tolerance. Clin Therapeut 1987; 
9(5):536—547." 





ity in a small group of patients, which counterbal- 
ances benefits in the larger group. To test this 
hypothesis, several years ago we evaluated infarct 
size in patients randomized to receive either nife- 
dipine or placebo early after the onset of acute 
myocardial infarction." A clinician blinded to treat- 
ment assignment titrated the dose of placebo or 
active drug (nifedipine). Serial positron emission 
tomography (PET) scans with ["C]palmitate were 
obtained to detect changes in infarct size. With this 
protocol, as opposed to a fixed-dosage regimen, 
patients receiving nifedipine had substantial sal- 
vage of myocardium (Figure 2). However, during 
subsequent hospitalization, the group with salvage 
also exhibited a high incidence of infarct extension, 
suggesting that any benefit that might have been 
induced occurred in the peri-infarction zone, which 
was at high risk for subsequent extension. Thus, we 
postulated that in addition to careful titration of 
dose, further therapy would be needed to consoli- 
date the benefits of treatment with calcium antago- 
nists in patients with acute myocardial infarction. 
Studies in patients in which diltiazem has been 
utilized as an adjunctive agent in association with 
reperfusion in an attempt to improve myocardial 
salvage have thus far not been reported. However, 
experimental data have documented that diltiazem 
alone or in combination with B blockers preserves 
ventricular function, ^? and in several studies the 
administration of diltiazem before reperfusion has 
markedly augmented the extent of myocardial 
salvage determined morphometrically.^9?^^" 
Recently Knabb et al” evaluated dogs random- 
ized to receive streptokinase alone or streptoki- 
nase plus continuous intravenous diltiazem after 2 
hours of coronary occlusion. Recanalization was 
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FIGURE 2. Reduction in infarct size in response to care- 
fully titrated doses of nifedipine. Infarct size was evalu- 


ated serially with positron emission tomography (PET) and 
NU ear aes venison trem Bn 2 


documented by radiolabeled microspheres and by 
imaging with positron-labeled water (H,"O). In- 
farct size was determined from changes in the 
uptake of ['C]palmitate, assessed by PET and by 
morphology. Diltiazem reduced myocardial infarct 
size by 42% over streptokinase alone (Figure 3) 
and improved myocardial metabolism. This benefit 
was not attributable to changes in myocardial 
perfusion or systemic hemodynamics, which were 
not different in the presence of diltiazem. This 
suggested a direct effect of diltiazem on myocardial 
tissue. 

Koller and Bergmann" subsequently performed 
studies in the isolated perfused rabbit heart which 
documented by high-pressure liquid chromatogra- 
phy (HPLC) that the production of malondialde- 
hyde (MDA), an end product of lipid peroxidation, 
was markedly inhibited by the addition of diltiazem 
to the buffer perfusate. This effect was not repli- 
cated by superoxide dismutase (SOD) and catalase 
at levels known to block free radicals formed 
directly.” These data are consistent with those of 
Mak and Weglicki" documenting the substantial 
effects of B blockers and calcium antagonists (in- 
cluding diltiazem) on lipid peroxidation. 

As in the case of unstable angina, these data 
have served as a template for clinical trials on the 
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FIGURE 3. Adjunctive effects of diltiazem in conjunction 
with treatment. Diltiazem reduced myocar- 
dial infarct size by 42% over alone. (Repro- 
duced with permission from J Am Coll Cardiol.??) 


use of intravenous diltiazem as an adjunctive agent 
in patients receiving treatment with thrombolytic 
drugs. 
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Effect of Diltiazem Slow-Release Formulation on 


Silent Myocardial Ischemia in Stable Coronary 





Artery Disease 


Martin Juneau, MD, Pierre Théroux, Mb, David Waters, MD, for the Canadian Multicenter 
Diltiazem Study Group 


Silent myocardial ischemia is associated with 


adverse outcome in several subsets of coronary 
artery disease patients. This article presents re- 
sults of a placebo-controlled, randomized, dou- 
ble-blind study of the effects of sustained-re- 
lease diltiazem (180 mg twice daily) on ischemic 
episodes in 60 patients with documented coro- 
nary artery disease. The mean age of the study 
population was 60 years and 93% were male. The 
mean number of episodes of silent ischemia per 
patient was 5.6 (placebo) and 2.8 (diltiazem), a 
50% reduction (p <0.0001). Duration of ST-seg- 
ment depression was 119 minutes (placebo) and 
67 minutes (diltiazem), a 44% reduction 
(p «0.001). This study demonstrates that sus- 
tained-release diltiazem can significantly reduce 
the frequency and total duration of silent isch- 
emic episodes. 

(Am J Cardiol 1992:69:30B—35B) 
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s reviewed recently by Pepine,' results of 
Aves studies indicate that silent myocar- 

dial ischemia occurs frequently in patients 
with stable coronary artery disease and carries 
important prognostic implications in several pa- 
tient subsets. Although it is still unknown whether 
reduction of silent ischemia will favorably affect 
prognosis, research on the efficacy of antianginal 
drugs to reduce or prevent silent ischemia appears 
justified. 

Several small studies^? and 3 larger studies"? 
have shown that B blockers can reduce the fre- 
quency and duration of asymptomatic ST-depres- 
sion episodes detected on ambulatory electrocardio- 
graphic (ECG) monitoring. Two small studies 
suggest that nifedipine” as monotherapy can re- 
duce asymptomatic ST-depression episodes, 
whereas several studies do not show any effi- 
cacy.” Verapamil was reported to be effective in 
reducing silent ischemic episodes in 1 study." 
Nitrates have been shown to be effective as mono- 
therapy in only 1 study of 28 postmyocardial 
infarction patients." 

Diltiazem was shown to be effective in reducing 
silent ischemia in 3 small controlled studies, ^? 
whereas Stone et al," in a large study, reported that 
the effect of diltiazem on silent ischemia was not 
significant. 

The present placebo-controlled, randomized, 
double-blind study was designed to determine the 
effect on silent ischemia of sustained-release dilt- 
iazem. Because of the spontaneous variability of 
silent ischemia as measured on ambulatory ECG 
monitoring, the assessment of the study drug was 
done using 72-hour monitoring periods. 


METHODS 

Patient selection: Sixty patients meeting the 
following 3 criteria were included: (1) documented 
coronary artery disease by coronary angiography 
showing coronary stenosis with > 5096 lumen diam- 
eter reduction by angiography, a documented pre- 
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vious myocardial infarction (MI), or a positive 
thallium-201 exercise test showing a reversible 
perfusion defect; (2) a positive treadmill exercise 
test using the Bruce protocol with > 1 mm horizon- 
tal or downsloping ST-segment depression mea- 
sured 0.08 ms after the J-point, with or without 
angina; and (3) an ambulatory ECG recording 
showing the presence of at least 10 minutes of 
silent ST-segment depression of > 1 mm or at least 
4 episodes of ST-segment depression lasting > 1 
minute each, during any 1 of 3 24-hour periods of 
ambulatory ECG. The total duration of the screen- 
ing ambulatory ECG was 72 hours (3 X 24 hr). 

All antianginal agents and any other drug that 
could interfere with the interpretation of ST- 
segment changes were withdrawn at least 7 days 
prior to the screening visit. Only sublingual nitro- 
glycerin was allowed during the study. 

Study design: The study was randomized, dou- 
ble-blind, and placebo-controlled. Following a 7-day 
single-blind placebo run-in screening phase, pa- 
tients received sustained-release diltiazem cap- 
sules 180 mg twice daily or matching placebo 
capsules for 2 consecutive 14-day double-blind 
treatment phases. Each patient received each of 
the 2 treatments in a random sequence according 
to a 2 x 2 Latin-square design. 

A first exercise test and a 72-hour ambulatory 
ECG were performed at the beginning of the 
placebo run-in phase to determine eligibility. The 
symptom-limited exercise tests were done accord- 
ing to the Bruce protocol. Exercise-induced isch- 
emia was defined as > 1 mm ST-segment depres- 
sion, horizontal or downsloping, measured at 0.08 
seconds after the J-point, on at least 3 consecutive 
beats. The exercise tests were performed at the 
beginning of the screening phase and at the end of 
each double-blind treatment phase just before the 
end of the 72-hour continuous ambulatory ECG 
recording period. It was performed in the morning, 
2—3 hours after ingestion of the study drug. 

A 72-hour continuous ambulatory ECG was 
obtained at the start of the placebo run-in phase to 
determine eligibility and at the end of each treat- 
ment phase. All tapes were analyzed blindly at the 
Montreal Heart Institute using the Cardio Data 
MK 4 playback system. Intraobserver variability 
was assessed by rereading blindly 50 randomly 
selected tapes. The correlation between the 2 
readings for the same patient was 0.93 for the 
number of episodes and 0.91 for the total duration. 
Interobserver reliability was assessed by having 50 
randomly selected tapes interpreted by an indepen- 
dent laboratory. Correlations between the 2 inde- 


TABLE | Characteristics of the Study Population at Entry into 
the Study 


Clinical 
Age (yr) 59.9 *8 
Sex 
Male (93%) 
Female (7%) 
Previous myocardial infarction (32%) 
Previous hypertension (23%) 
Diabetes mellitus (0) 
Previous smokers (6496) 
Nonsmokers (85%) 
Angina episodes (no./week) 1.22 + 2.4 
CCS Functional class 


(range 42—79) 


(73%) 
(22%) 
(5%) 
Electrocardiographic 
Q-wave present (40%) 
First-degree AV block (6.6%) 
Significant arrhythmias (1.6%) 
Angiographic 
No. with coronary angiography (73%) 
1-vessel disease 
2-vessel disease 
3-vessel disease 


CCS = Canadian Cardiovascular Society; AV = atrioventricular. 





pendent readings for the same patient were 0.87 
for the number of episodes and 0.90 for the total 
duration of ischemic episodes. 


RESULTS 

The characteristics of the study population are 
shown in Table I. The mean age was 60 years and 
93% of the patients were male. Most patients were 
nonsmokers with few angina episodes per week. 
Coronary artery disease was documented by previ- 
ous MI in 32%, by coronary angiography in 73%, 
and by reversible perfusion defect on thallium-201 
exercise testing in 48% of the patients. 

Exercise tests: Results of the exercise tests are 
shown in Table II. Heart rate and rate—pressure 
products both at rest and at peak exercise were 
significantly lower with diltiazem compared with 
placebo. ST-segment depression occurred in 54 
patients during the placebo test and in 45 patients 
during the diltiazem test. Total exercise duration 
improved significantly with diltiazem. Time to 1-mm 
ST-segment depression improved with diltiazem 
from 296 seconds to 341 seconds, a 15% increase. 
The amplitude of maximal ST-segment depression 
was reduced significantly from 2.25 mm to 1.78 mm 
with diltiazem. 

Ambulatory electrocardiographic monitor- 
ing: As shown in Figure 1, the mean number of 
episodes of silent ischemia per patient was 5.6 with 
placebo and 2.8 with diltiazem, representing a 50% 
reduction (p <0.0001). The cumulative duration of 
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TABLE Il Hemodynamic, Clinical, and Electrocardiographic Results of Exercise Testing 





Screening 


Hemodynamic 
Rest 
Heart rate (bpm) 74.5 * 11.2 
Systolic BP (mm Hg) 134.3 + 13.7 


Rate—pressure product 
Peak exercise 

Heart rate (bpm) 

Systolic BP (mm Hg) 

Rate-pressure product 


10,032 + 1,981 


140.6 + 18.6 
175.3 + 24.3 
24,861 + 5,849 


Clinical 
ST depression 60 (100%) 
With angina 17 (28%) 
Without angina 43 (72%) 
Reason for stopping 
Pain and/or ST depression 28 (46%) 
Fatigue and/or dyspnea 31 (51%) 
Total exercise duration (s) 420 + 121 
Electrocardiographic 
Time to 1-mm ST depression (s) 257+ 132 
Time to maximum ST depression 403 + 113 
Maximum ST depression (mm) 2.38 + 0.83 


Placebo 


Diltiazem 


p* Value 





77.0 € 12:2 68.8 + 12.5 0.0001 
128.7 + 14.6 128.4 + 15.4 0.9 
9,945 + 2,157 8,910 + 2,218 0.0001 
143.7 + 17.3 134.7 + 17.5 0.0001 
172,3 £ 21.3 174.7 + 24.5 0.2 

24,894 + 4,998 23,733 + 5,401 0.01 
54 (90%) 45 (7576) 0.03 
15 (28%) 1 (2%) 

39 (72%) 44 (98%) <0.0001 

21 (35%) 12 (20%) 

39 (64%) 48 (80%) 0.05 

467 + 156 494 + 143 0.0004 

296 + 154 341 + 148 0.005 

447 + 156 479+ 141 0.005 

2.25 + 1.03 1.78 + 1.09 0.0002 


*p values compare placebo and diltiazem tests. 
bpm = beats per minute; BP = blood pressure. 


ST-segment depression was also reduced from 119 
to 67 minutes (p <0.001), a 44% reduction. 

The beneficial effect of diltiazem was main- 
tained throughout the circadian cycle, as shown in 
Figure 2. The percent reduction in silent ischemic 
episodes was 54% from midnight to 6 AM, 48% 
from 6 AM to noon, 57% from noon to 6 PM, and 
47% from 6 PM to midnight. 

The average heart rate during the 72-hour 
placebo monitoring period was 74 beats/min com- 
pared with 68 beats/min during diltiazem treat- 
ment. This difference was significant (p <0.001) 
and was maintained around the clock. The distribu- 
tion of ST-segment depression during both placebo 
and diltiazem treatment did not parallel the abso- 
lute heart rate distribution but appeared more 
related to the heart rate variation. Thus, the heart 
rate increase observed between 6 AM and 9 AM was 
associated with an increased incidence of silent 
ischemia episodes, and the heart rate decrease 
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between 9 PM and 6 AM was associated with a 
decreased incidence of ST-segment depression. 

The correlation between the change in heart 
rate at each hour and the number of episodes of 
ST-segment depression during the corresponding 
hour was significant during both placebo and dilt- 
iazem. As expected, the slope is flatter with dilt- 
iazem Figure 3. 


DISCUSSION 

In this study, slow-release diltiazem used as a 
monotherapy reduced the number of episodes of 
silent ischemia by 50% and its cumulative duration 
by 44%. Exercise test parameters were also im- 
proved significantly, as already reported in a recent 
randomized control multicenter trial.'^ 

Several small studies have shown that B blockers 
can significantly reduce the number of episodes 
and the duration of silent ischemia. The magnitude 
of this reduction is reported to be 50-75%. In a 
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5 FIGURE 1. Total episodes and cu- 
a. mulative duration of ST-segment 
a depression during the double- 

o blind cross-over phase of the 

3 study. Diltiazem significantly re- 
5 duced both the number of epi- 

E sodes and their total duration. 


Diltiazem 
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FIGURE 2. Heart rate (top) and 
the distribution of episodes of 
ST-segment depression (bottom) 
over 24 hours with placebo and 
diltiazem. Diltiazem reduced both 
variables evenly over 24 hours, 
except for slightly more effect on 


depression 
ter with heart rate changes than 
with absolute heart rates. The 
heart rate observed 
between 6 AM and 9 AM is accom- 
panied by an increasing inci- 
dence of episodes and the slow- 
ing from 8 PM to midnight by a 
decreasing incidence 


FIGURE 3. The number of epi- 
sodes of ST-segment 

during each hour is plotted 
against the change in heart rate 


phases. 
The slope of this relation is atten- 
uated with diltiazem. bpm = 
beats per minute. 
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study using 10 patients, Quyyumi et al,’ have 
demonstrated that labetolol reduced the frequency 
and duration of ST-segment depression by 56% 
and 73%, respectively. Imperi et al,’ using meto- 
prolol in 9 patients, have shown a very significant 
reduction in the total duration of silent ischemia 
(156 + 65 minutes to 20 + 15 minutes) and the 
frequency of episodes (from 8 + 2 to 2 + 2). Wil- 
lich et al^ using a sample of 10 patients, have 
shown that metoprolol decreased the number of 
episodes of silent ischemia from 26 to 4 and the 
total duration of ST depression from 735 to 84. 
Chierchia et al^ in a study using 10 patients, 
showed a 6346 decrease in silent ischemic episodes 
with atenolol compared with placebo. Dargie et al’ 
obtained similar results in 16 patients treated with 
propranolol. In a larger study (n = 73) using 
propranolol, Khurmi et al’ have demonstrated a 
significant reduction in the number of episodes of 
asymptomatic ST depression from 6.5 + 0.7 to 
3.4 + 0.6. The total duration of ST-segment depres- 
sion was reduced from 74 + 10 minutes to 26 + 10 
minutes. In a multicenter randomized controlled 
trial (n = 50), Stone et alf showed a marked 
reduction of asymptomatic ST-segment depression 
with propranolol. 

Feng et al" have studied the effect of isosorbide- 
5-mononitrate in 28 patients recovering from acute 
MI. The number of episodes of silent ischemia 
decreased by 88% and the duration by 94%. 
Schneeweiss and Marmor” have reported the ef- 
fect of transdermal nitroglycerin patch in 8 pa- 
tients. Other antianginal medications were not 
discontinued during this study (nifedipine, pro- 
pranolol, or atenolol). The number of episodes of 
asymptomatic ST-segment depression was reduced 
from 9.25 + 5.52 to 2.4 + 2.0. 

Nifedipine as monotherapy was shown to be 
effective in 2 small studies. Nesto et al" reported a 
reduction in the number of ischemic episodes from 
63 with placebo to 18 with nifedipine. The total 
duration of ST-segment depression was reduced 
from 927 (placebo) to 260 (nifedipine) minutes. 
Dargie et al' using propranolol and nifedipine 
showed that the 2 drugs were significantly more 
effective than placebo in reducing silent ischemic 
episodes. Several studies have shown no efficacy 
with nifedipine alone^ or when it was added to 
current antianginal medications, "^" but 1 study 
by Cohn et al” has shown that nifedipine is effective 
in reducing silent ischemia as an added treatment. 

Bala Subramanian et al," in a double-blind study 
comparing nifedipine and verapamil (n — 24),showed 
that verapamil markedly reduced silent ischemic 


episodes compared with placebo, whereas nife- 
dipine did not. 

Khurmi et al," in a study with 15 patients, have 
shown the efficacy of diltiazem in reducing the 
number of episodes of ST-segment depression by 
4476. In this double-blind crossover study, pro- 
pranolol was also used and reduced the number of 
episodes of silent ischemia by 87%. Bonetti et al” 
compared diltiazem with atenolol and atenolol 
plus nifedipine. The number of ischemic episodes 
was reduced by 75% by atenolol, 74% by diltiazem, 
and 80% by atenolol plus nifedipine. On the other 
hand, diltiazem was not shown to be effective by 
Stone et al' in a study comparing propranolol, 
nifedipine, and diltiazem. Diltiazem reduced the 
number of episodes of asymptomatic ST-segment 
depression per day by 17% (p = 0.08) but had no 
effect on the mean duration of ischemia per epi- 
sode or on cumulative duration of silent ischemia 
per 24 hours. Only propranolol was shown to be 
effective in significantly reducing the number of 
episodes (57%), the mean duration of each epi- 
sode (58%), and the cumulative duration of silent 
ischemia per 24 hours (87%). 

The results of the present study are in accor- 
dance with the results of Khurmi et al and Bonetti 
et al.^ Why our results differed from the study by 
Stone et alë is not clear. 

Mechanism of action: ST-segment depression 
occurred at a slower heart rate with diltiazem than 
with placebo and no circadian variation in the 
efficacy of diltiazem was found. Second, the fre- 
quency of ST-segment depression appeared to be 
modulated more by changes in heart rate than by 
the absolute heart rate. An accelerating heart rate 
was associated with a higher frequency of ischemic 
episodes, and the reverse was also true. These 
observations suggest that one of the mechanisms 
involved in the pathogenesis of silent ischemia 
could be a rapid rate of change in myocardial 
oxygen demand and that diltiazem could have a 
beneficial effect by attenuating rapid increases in 
demand. 

implications of the study: This study demon- 
strates that sustained-release diltiazem can signifi- 
cantly reduce the frequency and the total duration 
of silent ischemic episodes, thus extending the 
previously well-documented antianginal activity of 
the drug." Whether medical reduction of silent 
ischemia will favorably alter prognosis is not known. 
This issue is currently being investigated by clinical 
trials. Until this answer is known, the routine 
treatment of silent ischemia cannot be recom- 
mended. 
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DISCUSSION 

Question: In your study, you must have cer- 
tainly had some patients who exhibited more strik- 
ing effects from diltiazem than those shown by 
other patients. In the patients who had more 
dramatic decreases in episodes of silent ischemia 
during diltiazem therapy, did you observe a dif- 
ferent pattern of their ischemic activity, particu- 
larly through the 24-hour period? 

Dr. Juneau: There were some patients who 
clearly responded more than others, and some who 
had total elimination of their ischemic episodes. 
However, we could not discern any circadian pat- 
tern or any other pattern in the parameters we 
measured. 

Question: One of the goals of your study was to 
explore the mechanisms underlying the efficacy of 
diltiazem in the treatment of silent ischemia. This 
has been a very controversial issue. Could you shed 
some light on these mechanisms? 

Dr. Juneau: We believe that the efficacy of 
diltiazem was achieved mainly through the slowing 
of the heart rate. Examination of the data shows 
that the slowing of the heart rate was consistent 
during the 24 hours, and that there was a nearly 
parallel effect on ischemic episodes. 

Question: Your data show a decrease in fre- 
quency of silent ischemic episodes despite an 
average high heart rate during the day. Were your 
data analyzed to determine if heart rate incre- 
ments were associated with ischemic episodes? 

Dr. Juneau: Yes, they were. We observed the 
number of episodes per hour and analyzed the 
correlation between changes in the heart rate— 
either plus or minus—and the number of episodes. 
These data showed a striking correlation between 
the changes in heart rate and the number of 
episodes. The slope was flatter with diltiazem. 
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Role of Calcium Antagonists for Heart Rate 
Control in Atrial Fibrillation 


Kenneth A. Ellenbogen, MD 


Atrial fibrillation is one of the most common 
symptomatic sustained arrhythmias seen in clini- 
cal practice. Many patients with atrial fibrillation 
and a ventricular response ^ 120 beats/min will 
experience cardiac symptoms. In the past, con- 
trol of heart rate in these patients consisted of 
administration of intravenous digoxin, but this 
often proved to be ineffective or limited by toxic- 
ity. Recently, intravenous p blockers such as es- 
molol have been used to slow the ventricular rate 
during atrial arrhythmias, but in some studies 
their use has been limited by hypotension. Alter- 
natively, a bolus of an intravenous calcium antag- 
onist, e.g., diltiazem or verapamil, may be admin- 
istered to achieve acute slowing of the 
ventricular response. An intravenous bolus of dil- 
tiazem or verapamil may be effective, but use of 
either may be limited by its short duration of ac- 
tion and the inability to administer repeated bo- 
luses to tightly control or “fine tune" the heart 
rate. However, a new bolus plus maintenance in- 
fusion technique with diltiazem has shown prom- 
ise in initial studies. It appears that in the future, 
continuous infusion techniques with intravenous 
calcium antagonists will be available that provide 
safe and effective sustained control of the ven- 
tricular response during atrial arrhythmias. 

(Am J Cardiol 1992;69:36B—40B) 
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trial fibrillation is the most commonly 
pu sustained cardiac arrhythmia 

seen in general clinical practice. Its overall 
prevalence varies with the age of the population 
studied, as well as the incidence of underlying 
heart disease. For example, with increasing age, 
the prevalence of atrial fibrillation rises to 2-496 in 
patients over the age of 70. Its prevalence is 
increased as well among individuals with hyperten- 
sion and structural heart disease, particularly those 
patients with mitral valvular disease and cardio- 
myopathies.” 

Treatment of atrial fibrillation has 3 central 
goals. The first goal of treatment is to control the 
ventricular response when necessary. In about 
60-80% of patients with atrial fibrillation, a rapid 
ventricular response is observed, and symptoms 
are usually present, depending on the length of 
time the arrhythmia is sustained and the presence 
and type of underlying heart disease. When the 
ventricular response is controlled in patients with 
atrial fibrillation, the second goal of treatment 
becomes whether to treat with antiarrhythmic 
agents or electrical cardioversion to restore sinus 
rhythm. There are several new antiarrhythmic 
agents available (e.g., flecainide, propafenone) for 
the prevention of recurrent atrial fibrillation and 
the maintenance of sinus rhythm. Finally, the third 
goal of treatment in atrial fibrillation is to adminis- 
ter anticoagulants for prevention of embolic events. 
Several studies have shown the importance of 
warfarin or aspirin for prevention of embolic events 
in patients with atrial fibrillation. A discussion of 
these aspects of the management of atrial fibrilla- 
tion is beyond the scope of this article; however, I 
will review the role of calcium antagonists and 
other agents for the control of heart rate during 
atrial fibrillation. 


RATE DETERMINATION 

During atrial fibrillation, hemodynamic compro- 
mise may occur as a result of multiple factors. First, 
the sudden increase in ventricular rate prevents 
adequate filling of the left ventricle during diastole. 
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In addition, as ventricular rate increases, diastolic 
filling time decreases, and, consequently there is 
less time available for coronary blood flow. 

To quantitate these factors better, aortic blood 
flow was measured by continuous-wave Doppler 
examination in 60 patients with chronic atrial 
fibrillation. The patient population was heteroge- 
neous, one half with idiopathic atrial fibrillation 
and one half with organic heart disease (mitral 
valve disease, coronary artery disease, or other 
organic heart disease). The ventricular rate was 
considered "controlled" when the slope of the 
ratio of cardiac output/ventricular rate was posi- 
tive, and *uncontrolled" when the slope was nega- 
tive (e.g., by decreasing the ventricular response, 
there is an increase in cardiac output). 

In this study, ventricular rate was controlled in 
all patients when the ventricular rate was «90 
beats/min and uncontrolled in every case when the 
ventricular rate was » 140 beats/min. At heart 
rates of 90-140 beats/min, the ventricular response 
was controlled in about 70% of patients and 
uncontrolled in about 3046 of patients. Second, in 
patients with coronary artery disease, the increased 
heart rate during atrial arrhythmias leads to an 
increase in oxygen demand and thus often causes 
an exacerbation of angina. Finally, there is a loss of 
the “atrial kick," which contributes variably to 
cardiac output. In patients with normal or hypertro- 
phic left ventricles (e.g., relatively small ventricular 
volumes), loss of atrial contraction may lead to a 
25-30% decrease in cardiac output. On the other 
hand, in patients with moderate to severe left 
ventricular function defects, cardiac output is less 
dependent on the atrial contribution to ventricular 
filling, and cardiac output may decrease by only 
5-15% (Table I). 


RATE CONTROL 

For » 200 years, digoxin has been the mainstay 
of the management of patients with a rapid ventric- 
ular response during atrial fibrillation. Digoxin 
can be administered intravenously and has an 
elimination half-life of 1.5-3 hours. Digoxin is not 
given as a constant intravenous infusion, and it is 
difficult to titrate the dose acutely to achieve a 
predictable heart rate response. In fact, digoxin 
has a narrow therapeutic window and displays 
significant interactions with other drugs used to 
treat atrial fibrillation (e.g., verapamil, quinidine, 
procainamide), making its administration problem- 
atic in some clinical circumstances. Finally, during 
acute illness or stress resulting in heightened sym- 
pathetic tone, even high doses of digoxin may be 


TABLE I Pathophysiology of Symptoms During Atrial 
Fibrillation 


Decreased diastolic filling time 


Decreased diastolic coronary perfusion time 

Exacerbation of angina due to increased oxygen demand (e.g., secondary 
to increased heart rate) 

Loss of atrial contribution to ventricular filling 





insufficient to control the ventricular response." 
These facts have led some to conclude that the 
acute use of intravenous digoxin for ventricular 
rate control in atrial fibrillation/flutter is rarely 
indicated, even after decades of use for this pur- 
pose.‘ 

Beta blockers may be administered intrave- 
nously for control of the ventricular response 
during atrial fibrillation /atrial flutter.” Esmolol is a 
B, selective blocking agent with an elimination 
half-life of 9 minutes and has been approved by the 
Federal Drug Administration (FDA) for control of 
the ventricular response during atrial fibrillation. 
In an open-label study comparing the efficacy of 
esmolol to verapamil for controlling the ventricular 
response in 45 patients with new-onset atrial fibril- 
lation/flutter, heart rate control was similar in both 
groups." Both verapamil and esmolol resulted in a 
heart rate reduction of about 28% (for esmolol 
from 139 to 100 beats/min and for verapamil from 
142 to 97 beats/min). Symptomatic hypotension 
occurred in about 8-10% of both treatment groups, 
whereas a decrease in systolic blood pressure to 
<90 mm Hg was seen in almost 50% of both 
treatment groups. 

Esmolol has been advocated as an ideal agent 
for treatment of atrial fibrillation in patients follow- 
ing cardiac surgery, since catecholamine levels are 
frequently elevated and esmolol infusion can be 
titrated to heart rate. However, the results of at 
least 1 study have raised questions about the use of 
esmolol in this clinical situation. Schwartz et al 
reported on 15 patients following cardiothoracic 
surgery who developed atrial fibrillation and re- 
ceived esmolol for heart rate control. Esmolol 
obtained an initial therapeutic response in 6046 of 
patients, but, as therapy was continued, a clinically 
important decrease in blood pressure occurred in 
67% of patients, accompanied by weakness or 
somnolence in 40%. These side effects were typi- 
cally transient and resolved in a mean time of 35 
minutes (range: 15 minutes to 2 hours) following 
termination of the infusion. In another study, an 
esmolol bolus and infusion during supraventricular 
tachycardia induced in the electrophysiology labo- 
ratory was associated with significant hypotension, 
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necessitating termination of the infusion in 2596 of 
patients. In this study, esmolol did not terminate 
supraventricular tachycardia (due to atrioventricu- 
lar [AV] nodal reentry or AV reentry) in any 
patient, although it often slowed the tachycardia 
cycle length." These studies suggest that side 
effects during esmolol infusion occur relatively 
frequently and, although mild, necessitate careful 
observation and dose titration. 

Oral calcium antagonists, such as diltiazem and 
verapamil, have been used to decrease heart rate 
during exercise and rest in patients with atrial 
fibrillation. In several studies, diltiazem was shown 
to decrease heart rate by 25% during rest and by 
22% during exercise. ^ Oral diltiazem was effec- 
tive for heart rate control, whether digoxin was 
present or not. 

Calcium antagonists have several ideal electro- 
physiologic characteristics. In 1985, we demon- 
strated that verapamil causes use-dependent pro- 
longation of AV nodal conduction in man." Use- 
dependent blockade of the AV node implies that 
antiarrhythmic drugs preferentially slow conduc- 
tion during tachycardia but have less effect on 
conduction at normal heart rates. In an important 
series of articles, Nattel and coworkers'^^ demon- 
strated that diltiazem's frequency-dependent ef- 
fects lead to depression of AV nodal function 
during atrial fibrillation. In addition, diltiazem 
demonstrated dose-related increases in AV nodal 
conduction slowing. In these animal studies, dilt- 
iazem affected heart rate slowing in 2 ways. First, 
diltiazem slowed AV nodal conduction by a rate- 
dependent increase in the functional refractory 
period of the AV node. Second, diltiazem slowed 
the ventricular response during atrial fibrillation by 
increasing the potential zone of concealment in the 
AV node in a dose-dependent fashion. The clinical 
implications of this study are that diltiazem has 
significant effects on AV nodal conduction during 
tachycardia as a result of its direct frequency- 
dependent slowing of AV nodal conduction and 
indirectly by increased concealed conduction 
through the AV node, also in a use-dependent 
fashion. 

There are several other key features of dilt- 
iazem that make it a desirable agent for use in the 
treatment of this arrhythmia. Diltiazem has no 
known clinically important interaction with digoxin 
or class 1A antiarrhythmic agents. Diltiazem has a 
relatively mild negative inotropic effect compared 
with verapamil” and has been well tolerated during 
short-term intravenous infusions, including in pa- 


tients with congestive heart failure. Other impor- 
tant attributes include the absence of delayed drug 
accumulation during prolonged administration. Ad- 
ditionally, accelerated junctional rhythm is rela- 
tively uncommon during administration of this 
agent for atrial fibrillation. Finally, in a study of 
patients taking oral diltiazem for rate control of 
chronic atrial fibrillation, there was no reduction of 
exercise capacity during administration of calcium 
antagonists. 

Attributes of an ideal intravenous infusion in- 
clude: 

* Prompt reduction of ventricular response dur- 

ing atrial fibrillation 

* The capability to titrate the dose to attain 

"tighter" or *looser" control of heart rate 

* A high degree of efficacy and safety. 

Such an intravenous infusion could be used as a 
"bridge," allowing one to obtain heart rate control 
acutely and later to make decisions about the need 
for anticoagulation and the method and means for 
conversion to sinus rhythm. 

Intravenous boluses of diltiazem and verapamil 
produce prompt control of ventricular rate, but 
heart rate control rarely lasts longer than 1-2 
hours." ^ In a bolus dose-ranging study, an intrave- 
nous diltiazem bolus of 0.25-0.35 mg/kg produced 
a maximal decrease in heart rate of 40—60 beats/ 
min, with a mean decrease in systolic blood pres- 
sure of only 6%. In 1986, we described a 3-stage 
infusion of diltiazem that was given to 8 subjects 
for up to 48 hours." In this infusion, diltiazem was 
given as a bolus injection of 10 mg over 3 minutes, a 
rapid loading infusion of 20 mg over 30 minutes, 
and a maintenance infusion of 10 mg/hr for up to 
48 hours. We were able to produce stable median 
plasma diltiazem levels of 150 ng/ml and caused 
PR interval prolongation of 10-18% during the 
maintenance infusion, with 1 subject developing 
AV nodal Wenckebach conduction during the 
rapid loading infusion. This infusion was safe, well 
tolerated, and associated with only a mild decrease 
in blood pressure from 124 +7 mm Hg during 
baseline to 117 + 7 mm Hg during the loading 
infusion. This study showed that diltiazem can be 
given safely and for a long period of time with 
moderate prolongation of AV nodal conduction 
(as approximated by PR interval) (Figure 1). 

Recently, a simpler infusion regimen for admin- 
istering intravenous diltiazem for rate control dur- 
ing atrial fibrillation/atrial flutter has been devel- 
oped and tested.” The results from a trial of this 
double-blind, placebo-controlled infusion suggest 
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FIGURE 1. Median-PR interval prolongation (expressed as percent increase compared with control PR interval) for 7 sub- 
Itiazem regimen 


jects receiving the low-dose di 
parentheses. 


that it is a highly effective agent for heart rate 
control during atrial fibrillation. The regimen con- 
sists of a 20 or 25 mg bolus infusion of diltiazem 
given over 2 minutes, followed by a constant 
infusion (10-15 mg/hr) titrated to heart rate.^ The 
mean percentage reduction in heart rate during 
this 24-hour infusion was 30-40%. This infusion is 
associated with a low incidence of side effects, and 
it may be maintained for 24 hours (Figure 2). 
Currently, a dose-ranging trial of intravenous dilt- 
iazem with maintenance infusions titrated from 
5-15 mg/hr is ongoing to define the therapeutic 
dose range better and to develop guidelines for 
switching from the intravenous diltiazem infusion 
to an oral agent. Experience with this infusion is 
being extended to patients with New York Heart 
Association (NYHA) classes III and IV heart 
failure and has included infusion durations up to 


FIGURE 2. The response of a pa- 


in shortness of breath to an intra- 
venous bolus of 20 mg diltiazem 
followed by a 10 mg/hr infusion. 
The patient achieved rapid heart 
rate control in 10 minutes, and 
the heart rate was maintained 
below 90 beats/min for the next 
24 hours. 


Heart rate (beats/min) 


. The number of patients with data available at each time point is shown in 


48 hours. Preliminary results from this study indi- 
cate that diltiazem may be safely given as an 
intravenous infusion to obtain prompt and sus- 
tained rate control. 

In summary, intravenous agents that provide 
prompt and effective control of heart rate during 
atrial fibrillation are desirable. Calcium antago- 
nists, because they provide frequency-dependent 
blockade of AV nodal conduction, are ideal for this 
purpose. Intravenous diltiazem is a mild negative 
inotrope, does not accumulate with prolonged 
intravenous infusion, and does not have significant 
interactions with other agents used to treat atrial 
fibrillation. We describe a bolus and maintenance 
infusion of diltiazem that has been successfully 
tested in several studies. This infusion regimen 
provides prompt, effective, and easily titrated heart 
rate control that can be sustained for 24 hours. It is 
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likely that such infusion regimens will be widely 
used for heart rate control during atrial fibrillation 
in the future. 
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DISCUSSION 

Question: In the Intravenous Diltiazem Angio- 
plasty Study, patients were given diltiazem in a 
bolus of 10 mg and then an infusion of 500 ug/min. 
In comparison, your patients were administered an 
infusion of 10 mg/hr. Is this a low dosage? 

Dr. Ellenbogen: Our patients were initially given 
a bolus of 20-25 mg of diltiazem. Following that, in 
some patients we were able to achieve a heart rate 
of 90 beats/min with an infusion of 5 mg/hr. If the 
patient was not achieving the heart rate goal, we 
would titrate the dosage upward at approximately 
3-4 hour intervals until we reached the rate goal 
we thought necessary. 

Question: In patients with atrial fibrillation, 
once heart rate has been stabilized, what dosage of 
intravenous diltiazem is administered as a mainte- 
nance dosage? 

Dr. Ellenbogen: The maintenance dosage of 
intravenous diltiazem varies and depends on many 
factors. However, using dosages of 5-20 mg/hr, we 
have observed very few patients in whom we have 
not been able to achieve adequate rate control. 

Question: What is the efficacy of intravenous 
diltiazem in converting to sinus rhythm? 

Dr. Ellenbogen: The efficacy of intravenous 
diltiazem for conversion to sinus rhythm is < 10%. 
Although a few patients do convert, we believe the 
incidence of conversion to sinus rhythm is un- 
changed by diltiazem. This low rate of conversion is 
not surprising, considering that, theoretically, cal- 
cium antagonists may have a negative effect on 
conversion to sinus rhythm because they shorten 
the action potential duration of the atrium, similar 
to digoxin. 

Question: Verapamil is associated with an un- 
usual regulation of conduction in which a regular 
ventricular rate may be achieved, but with atrial 
fibrillation still present. Have you observed a simi- 
lar effect with diltiazem? 

Dr. Ellenbogen: Although I do not know why, it 
is very rare to have this side effect with diltiazem. 

Question: Often, patients with paroxysmal atrial 
fibrillation experience it at night or when they 
cannot get to an emergency room. Since diltiazem 
is relatively rapidly absorbed, would you expect 
that an oral bolus would provide adequate slowing 
of the heart rate within 1—2 hours? 

Dr. Ellenbogen: I do not have experience with 
that, but, based on the pharmacodynamics of 
diltiazem, it would be unlikely to be effective for 
several hours, an inadequate time frame for most 
patients. 
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Advisory Group Reports on Silent Myocardial 
Ischemia, Acute Intervention After Myocardial 
Infarction, and Postinfarction Management 


Carl J. Pepine, Mb, Morton J. Kern, mp, and William E. Boden, MD 


Three advisory groups of the Council for Myocar- 


dial Ischemia and Infarction regularly review cur- 
rent knowledge concerning the following clinical 
contexts: silent ischemia, acute intervention, and 
postmyocardial infarction. This article represents 
the most recent findings of each Advisory 
Group—the areas of agreement and those of dis- 
agreement. What is emphasized here is that on- 
going research is critical to refining the therapeu- 
tic approach to ischemia and the postmyocardial 
infarction patient. What seems rational is the 
stratification of patients into risk groups—high 
and low—that dictate whether intervention 
should be aggressive or conservative. 

(Am J Cardiol 1992;69:41B—46B) 


From the Division of Cardiology, University of Florida, Gaines- 


ville, Florida (C.J.P.: Silent Myocardial Ischemia); Cardiac Cathe- 
terization Laboratory, St. Louis University Medical Center, St. 
Louis, Missouri (M.J.K.: Acute Intervention); Section of Cardiol- 
ogy, Boston Veterans Administration Medical Center, Boston, 
Massachusetts (W.E.B.: Postmyocardial Infarction). 

Address for reprints: Carl J. Pepine, MD, University of Florida 
College of Medicine, P.O. Box 100277, Gainesville, Florida 32610- 
0277. 


he findings of the 3 advisory groups of the 

Council for Myocardial Ischemia and Infarc- 

tion are given. See the Appendix for a list of 
the group members. 


SILENT MYOCARDIAL ISCHEMIA 

Research on the significance of silent ischemia 
and the benefits of treatment continues. Although 
there are no definitive answers at this point, there 
are some conclusions as to rational choices that can 
be made in the clinical setting. Perhaps "transient" 
myocardial ischemia is a more appropriate term 
than “silent” ischemia, in that the presence of 
ischemia—whether it is silent or not—is signifi- 
cant. Recurrent ischemia can be detected by sev- 
eral methodologies: exercise test; ambulatory elec- 
trocardiography (ECG); stress thallium scintigraphy; 
or a stress wall motion study. What is known is that 
ambulant daily life ischemia, most of which is 
silent, occurs with high frequency in many patients 
with angina pectoris and other clinical forms of 
coronary artery disease, ranging from totally asymp- 
tomatic individuals to postmyocardial infarction 
(post-MI) patients." ' This daily ischemia also exhib- 
its a characteristic daily variation in frequency and 
duration resembling that observed with acute MI 
and out-of-hospital death." 

As for the prognostic implications of ambulant 
daily ischemia, there is strong evidence that it is 
associated with increased risk of adverse out- 
come.'^5 In these studies, the risk of death was 
increased approximately 4—9-fold in patients with 
unstable angina and by 2-4-fold in patients with 
stable angina. Although silent daily life ischemia is 
an important predictor of adverse outcomes, ther- 
apy directed toward symptom control may be 
insufficient to prevent silent ischemia. As many as 
40% of patients receiving antianginal drugs, ti- 
trated to control symptoms, have continued to 
experience recurrent ischemia. Antianginal agents, 
when titrated alone or in combination to control 
ST-segment depression, can control both symptom- 
atic and silent ischemia, although ECG monitoring 
is needed to employ this strategy. 
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Two recent studies have reinforced the concept 
that the detection of ST-segment depression as a 
marker for myocardial ischemia is unfavorable, 
even in the asymptomatic patient. In one investiga- 
tion, event-free survival was significantly less after 
5 years for patients with ST-segment changes." 
Another report involved subset analysis of the 
previously published Men Born in 1914 study.” 
Men between the ages of 57 and 62 years who were 
asymptomatic with ST-segment depression showed 
the same 10-15-fold increase in risk of death or 
infarction that was seen when the group was 
analyzed as a whole. 

Where knowledge is lacking, however, is in the 
issue of whether a detection and treatment strategy 
based on ischemia is associated with a reduction in 
adverse outcome. A major project has been initi- 
ated this year by the National Heart, Lung, and 
Blood Institute to address this question. Specifi- 
cally, the Asymptomatic Cardiac Ischemia Pilot 
trial will attempt to define a strategy for optimal 
ischemia-guided care. The subsequent large-scale 
trial will then determine the effects of ischemia- 
guided care and symptom-guided care on outcome. 
However, it will be some time before definitive 
results are available. In the meantime, it is reason- 
able to assume that ischemia is a basic pathophysi- 
ologic process that is never beneficial, and the 
modification of it will positively alter outcome. 

In that light, the treatment strategy developed 
last year by this advisory group for stratifying 
patients with ischemia into high risk and low risk is 
still viable (Figure 1). High risk was defined by the 
criteria in Table I. Discussion among members of 
the advisory groups resulted in the proposal of 2 
modifications: 

(1) Patients who do not meet the high-risk, 

exercise-ECG criteria, but who are positive, 


TEST FOR ISCHEMIA 
Ischemia present? No 
No 


STOP 
Yes 
QUANTIFY RISK 
High-risk ischemia? 
Y 


es 
CORONARY ANGIOGRAPHY 
Stenosis 2 7096? 
es 
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QUANTIFY CAD 
3-vessel disease 
fraction < 40%? | No 
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REVASCULARIZATION 
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MEDICAL THERAPY 
REEVALUATE IN 1 YEAR 


Coronary artery spasm? 


MEDICAL THERAPY OR PTCA 
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TABLE I ischemic Responses Associated with High Risk 


ETT criteria* 
* Failure to complete > 6.5 METS or attain HR > 120 
>2mmsST | 
Postexercise ST | >6 min 
ST | in multiple leads 
Flat or declining SBP response 
Exercise-induced VT 
201T] criteria 
* New defect at low work load 
* |ncreased lung uptake 
* Multiple defects 
* Enlargement of cardiac pool 
ECHO/MUGA criteria 
* EF <40% 
* Exercise-induced | » 596 
* Multiple new defects 
AEM criteria 
e. >2mmST | 
* >60 min/24 hr 
* >6 episodes/24 hr 






























*A patient meeting ETT criteria for high-risk ischemia may be tested further with 
thallium-201 (?9?! TI), echocardiography/multigated image acquisition, and ambulatory 
ECG. High-risk markers on these tests would indicate the necessity for coronary 
angiography. 

AEM = ambulatory electrocardiographic monitoring; ECHO = echocardiogram; 
EF = ejection fraction; ETT = exercise tolerance test; HR = heart rate; METS = 
metabolic equivalents; MUGA = multiuniform gated acquisition (scan); SBP = sys- 
tolic blood pressure; VT = ventricular tachycardia. 








nevertheless, might also undergo stress thal- 
lium-201 scintigraphy to define their risk 


/ 


further. 
The treatment strategy might expand the 
candidate definition for revascularization 
beyond left main-vessel disease with left 
ventricular dysfunction; i.e., patients with 
normal left ventricular (LV) function and 2- 
or 3-vessel disease may derive benefit from 
surgery if 1 of the involved vessels is the 
proximal left anterior descending (LAD) or 
if there is significant ischemia defined as 
> 1.5-mm ST-segment depression. 

The final point emphasized was the fact that the 
end point of therapy is not established and, there- 


(2) 


FIGURE 1. Consensual algorithm 
for management of patients at 
ischemic risk. Initial testing 
screens for presence or absence 
of ischemia. If present, risk is 
quantified. If low-risk, then medi- 
cal therapy and periodic reevalu- 
ation to assess disease progres- 
sion may be sufficient. If high-risk 


cated to quantify extent of coro- 
nary artery disease (CAD). 
Contingent upon the extent of 
disease, revascularization with 
periodic reevaluation may be 
necessary. Alternatively, medical 
therapy or percutaneous transiu- 
minal coronary angioplasty 
(PTCA) with periodic retesting for 
high-risk ischemia may be indi- 
cated. 
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fore, individual treatment must still be dictated by 
physician judgment. 


ACUTE INTERVENTION 
Although acute intervention in patients with 


coronary artery disease is not without risk, it does 
prolong life in many instances. However, there is 
no single methodology that can be identified as 
appropriate therapy. just as there are many factors 
that alter the lumen of the coronary artery, such as 
platelet aggregation, thrombus formation, and 
plaque composition. A number of drugs are avail- 
able, including agents that work on vascular smooth 
muscle, antiplatelet agents, and antithrombotic 
agents. Mechanical interventions such as angio- 
plasty, atherectomy, and, perhaps, in the future, 
laser approaches can also be successfully em- 
ployed. There is little doubt that restoring blood 
supply to the ischemic myocardium is the goal of 
intervention, but there is also evidence that fp 


SL NTG 
ASA 


blockers and calcium antagonists reduce infarct 
size and are useful in the acute ischemic syn- 
drome.^'^ 

The schema in Figure 2 suggests a simplified 
approach that can guide diagnostic and therapeu- 
tic choices. It starts with the presentation of an 
acute ischemic syndrome—either acute infarction 
or acute unstable angina. Immediate therapy would 
include sublingual nitroglycerin, aspirin, and possi- 
bly intravenous heparin. Aggressive intervention, 
such as emergency revascularization by either an- 
gioplasty or bypass surgery, is indicated for an 
acute MI with hemodynamic instability, patients 
with contraindications to thrombolysis, or diffuse 
ST-segment depression. This latter category is an 
area that is controversial. Treatment for diffuse 
ST-segment depression might include calcium an- 
tagonists, perhaps intravenously in the future, or 
intravenous ß blockers. If the ST-segment depres- 


Consider |.V. heparin 


* Acute MI with hemodynamic instability 


EMERGENT: 


* Contraindication to thrombolysis 


* Diffuse ST depression 
* Uncertainty 


ST elevation c/w MI 


FIGURE 2. Consensual algorithm 
for the management of the pa- 

tient presenting with acute myo- 
cardial infarction (MI). ACE — an- 


LV = left ventricular; SL NTG = 
sublingual nitroglycerin. 
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DISCHARGE WITH: 
Long-term follow-up with repeat évaluation for ischemia; 
CAD risk factor modification 
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sion can be resolved, emergency intervention may 
not be necessary. The advisory group identified this 
as a treatment area that varies among institutions. 

The next diagnostic step separates these pa- 
tients from those who have ST-segment elevation 
consistent with an acute MI; they do not require 
immediate intervention and are candidates for 
antithrombolytic therapy. The issue of which throm- 
bolytic agent is preferable is still being debated and 
more information is needed. Another controversial 
issue with these patients is the concomitant admin- 
istration of B blockers. Data from the Thromboly- 
sis in Myocardial Infarction (TIMI) study show 
some evidence of benefit from using B blockers at 
this point. Improvement was seen in low-risk pa- 
tients, but only when the drug was administered 
within 2 hours of the event.” Intravenous nitroglyc- 
erin may also be effective in these patients.” 
Although the benefit was thought to be predomi- 
nantly in those with inferior infarctions, a recent 
study also demonstrated mortality benefit in those 
with anterior damage. 

The non-Q-wave infarct represents the next 
diagnostic division. The only proven pharmaco- 
logic therapy at this stage is diltiazem.” Although it 
is considered acute therapy, it cannot be initiated 
until the infarction has been definitively estab- 
lished as a non-Q-wave event. Because this may 
require 24 hours, there is a time window after 
infarction in which ECG distinctions need to be 
made; then diltiazem is indicated. Even so, non-Q- 
wave infarction patients are heterogeneous and 
need to be stratified into high-risk and low-risk 
groups. Patients who develop recurrent pain with 
ECG changes should be catheterized promptly. 
But patients who develop recurrent pain as a 
transient episode with no ECG changes can be 
treated medically. If they are not already receiving 
diltiazem, it should be initiated. 

Regarding intervention practice, patterns vary 
as to when to proceed. Recurrent pain channels 
these patients into the intervention component of 
the schema according to some, but others recom- 
mend such intervention at some point after the 
event, even without recurrent pain. Those who 
become stabilized can be placed in the predis- 
charge category and evaluated for ischemia. 

It is important to note that devising a unified 
approach to acute intervention is impossible. Clinical 
practice varies widely and must be governed by 
experience and judgment. 


- POSTMYOCARDIAL INFARCTION 


Defining the appropriate medical intervention 
for the post-MI patient is a complex issue that 


requires patient stratification. There is a consensus 
that early after onset of acute MI, B blockers 
without intrinsic sympathomimetic activity are ben- 
eficial as secondary therapy." A continuing ques- 
tion for post-MI management is the precise role of 
calcium antagonists. Twelve multicenter trials with 
nifedipine have been uniformly disappointing with 
respect to its lack of effect on several end points, 
including mortality benefit, recurrent ischemia or 
infarction, infarct size, and progression to MI. 
Effects on total mortality were also lacking in 2 
multicenter verapamil trials. Another more recent 
verapamil trial (the second Danish Verapamil 
Infarction Trial, DAVIT II) showed some benefit 
in lower first cardiac event rate, but the drug was 
not given before the eighth day postinfarction.?* 

In contrast, the Diltiazem Reinfarction Study? 
demonstrated the ability to reduce 2-week infarc- 
tion and medically refractory angina, as well as the 
end point of early recurrent ischemia, with early 
administration of high-dose diltiazem. However, 
the trial did not address the overall mortality. 
Long-term subset analysis of the Multicenter Dilt- 
iazem Postinfarction Trial (MDPIT) showed that 
diltiazem significantly reduced mortality as well as 
nonfatal reinfarction in individuals with a first 
non-Q-wave MI." In patients with multiple infarc- 
tions complicated by left ventricular dysfunction, 
the benefits of diltiazem therapy wane. Further 
subset analysis supported this by showing benefit 
from diltiazem in patients with a first non-Q-wave 
or first inferior O-wave infarct. These patients 
generally have well-preserved LV function and 
appear to benefit from diltiazem.” 

Because diltiazem is a therapy of proven benefit 
in this defined area, it may have potential as 
adjunctive therapy in the post-thrombolysis setting, 
which can be equated to an interrupted or incom- 
plete MI. Diltiazem may be beneficial in this case, 
because the post-thrombolysis situation shares many 
features with the naturally occurring non-Q-wave 
MI as well as with the small enzymatic infarction 
with ischemic jeopardy and/or transient heart 
failure. The precise pathogenesis of incomplete 
infarction is not clear but may involve one of the 
following: thrombotic coronary occlusion followed 
by early spontaneous reperfusion or altered reflow; 
nonsustained thrombotic coronary occlusion with 
superimposed vasospasm that is aborted with cal- 
cium antagonists; or incomplete coronary artery 
obstruction due to atherosclerosis with acute myo- 
cardial oxygen supply-demand imbalance. 

There are arguments that support the pattern of 
altered early reflow in patients with non-Q-wave 
and incomplete infarctions. There is early ST- 
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segment elevation in 40—5046 of patients, and they 
exhibit an early time to peak creatine kinase (CK) 
release. Also, they have a high incidence of infarct- 
related coronary arteries at autopsy, as well as a 
high incidence of incomplete coronary occlusion 
during the early hours post-MI at catheterization. 
Finally, the patient with a naturally occurring 
non-Q-wave MI and one who receives antithrom- 
bolytic therapy exhibit similar characteristics, in- 
cluding subtotal coronary occlusion, early CK wash- 
out, preservation of global and regional LV 
function, contraction of band necrosis (which is a 
marker of reperfusion injury), high incidence of 
reinfarction and of postinfarction angina, and a 
high incidence of residual ischemia. ^" 
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FIGURE 3. Consensual algorithm for the management of 
the post-myocardial infarction patient. Patients not re- 
ceiving thrombolytic therapy are divided into 2 subgroups 
based on electrocardiographic (ECG) subtype. Patients 
with Q-wave infarction should receive p blockers without 
intrinsic sympathomimetic activity (ISA). Non-Q-wave myo- 
cardial infarction (NQMI) patients should be administered 


diltiazem and aspirin. ASA = acetylsalicylic acid (aspi- 
rin); BB = B blocker; Cath = catheterization; CCU = 
coronary care unit; CHF = congestive heart failure; 

2DE = 2-dimensional echocardiography; Dilt = diltiazem; 
EF = ejection fraction; ETT = exercise tolerance test; 

LV = left ventricular; MUGA = multiuniform gated acqui- 
sition; Rx = treatment. 


Thus, there are data to suggest that the non-Q- 
wave MI and the pharmacologically reperfused 
infarction are, conceptually, similar. It must be 
emphasized, however, that optimal therapy after 
thrombolytic therapy remains to be elucidated. 

With these issues in mind, it is appropriate to 
divide those patients who do not receive thrombo- 
lytic therapy into 2 groups according to their ECG 
patterns: Q-wave or non-Q-wave. Figure 3 reflects 
this, and on the basis of subtype, patients would 
receive either B blockers without intrinsic sympa- 
thomimetic activity or diltiazem plus aspirin. To 
expand on this, an algorithm has been developed 
that explores appropriate intervention for the MI 
patients admitted to the coronary care unit (Figure 
3). Those individuals who become clinically unsta- 
ble (defined as spontaneous angina with ECG 
changes or onset of congestive heart failure) are 
candidates for prompt cardiac catheterization, pre- 
sumably as a prelude to their receiving some form 
of definitive revascularization—either angioplasty 
or coronary artery bypass graft surgery. 

Patients who do not exhibit clinical high-risk 
findings can be considered clinically stable. As they 
exit the coronary care unit, they should be sub- 
typed according to ECG Q-wave patterns. Second- 
ary medical therapy, as described previously, should 
Have been initiated, and within the first several 
days after leaving the coronary care unit, an inde- 
pendent assessment of LV function can be accom- 
plished by a MUGA scan or a 2D-echocardio- 
graphic examination. If the ejection fraction is 
below 35%, catheterization is indicated, since it 
has been shown that the finding of depressed LV 
function in 2- or 3-vessel coronary disease might 
beneficially be affected with revascularization. 
Those individuals who are stable clinically and 
have an ejection fraction that suggests preserved 
LV function are candidates for predischarge exer- 
cise testing with or without thallium. If the exercise 
test is positive for inducible ischemia, the patient is 
scheduled for catheterization and considered for 
revascularization. With a negative stress test, the 
patient is continued on the appropriate medical 
intervention. 

Clearly, defining the most efficacious role for 
calcium antagonists—and diltiazem in particular— 
awaits further trials. However, as in many areas of 


clinical practice, therapeutic decisions can bg. 


guided by the algorithms as presented. 
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To reduce heart attack risk, don't overlook coexisting low HDL, 
high triglycerides, and high LDL. A recently published 
analysis of data from a Helsinki Heart Study subgroup shows 
whys +> es. 


LOPID reduced the incidence 
of heart attack* 7196 


—in a high-risk subgroup of 
patients with multiple lipid 
disorders. While the overall 
reduction in heart attack was 
34%, the greatest reduction 
in heart attack was achieved 
among those LOPID patients 
with baseline triglycerides 
>200 mg/dL and baseline 
LDL/HDL »5 (n = 154)" 
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gemfibrozil ) Sies 
TREATS THE ENTIRE TRIAD 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease in type IIb 
patients with low HDL, in addition to elevated LDL and triglycerides, and 

who have had an inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic acid. 
LOPID is not indicated for the treatment of patients with low HDL as their only 
lipid abnormality. 


Contraindicated in patients with hepatic or severe renal dysfunction, including 
primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol secretion into the bile, leading to 
cholelithiasis. Caution should be exercised when anticoagulants are given in 
conjunction with LOPID. 























Reference 1. Manninen V, Tenkanen L, Koskinen P, et al. Joint effects of serum triglyceride and LDL cholesterol and 
HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for 
treatment. Circulation. 1992;85:37-45. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 
'Mean HDL = 35 mg/dL; mean LDL = 208 mg/dL; P = .005; 95% CI 21.2 to 118.6. 
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Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. E 


2. Pre Ibladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 3396 increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 112 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 172 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p- 0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
Studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (^) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil dees not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumorsat 1 and 10 times the human dose. 

ic lactronymicroscopy studies have demonstrated a florid hepatic peroxisome prolifera: 

tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 week 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that thi: 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observe 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic ii 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 

® ; rubin, and alkaline phosphatase. These are 
iar t usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
BID studies are recommended and Lopid therapy 
should be terminated if abnormalities persist 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blinc 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren: 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng! J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Now for heart rate control during atrial fibrillation and flutter 


NEW CARD ZEM, Injectable 


tiazem ?* hydrochloride] 
I uae INFUSION 








GAINS HEART RATE 
CONTROL QUICKLY... 





Please see brief summary of prescribing information on last page of this advertisement. 


Cardizem Injectable is indicated for temporary control of rapid ventricular rate during mates 
fibrillation and flutter; conversion to normal sinus rhythm is not greater than place 
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(diltiazem ¥ hydrochloride) 
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Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
i Rens A defibrillator and emergency equipment should be readily available. 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 








FAST 





m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
m |- to 3-hour duration of action with initial bolus 


SAFE 





m 4.3% incidence of asymptomatic hypotension” 

m 3.2 % incidence of symptomatic hypotension" 

m 3.9% incidence of injection site reaction’ 

m |./% incidence of flushing " 

m Little negative inotropic effect" 

m Not to be used in patients with WPW and short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block, except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 


CONTINUOUS CONTROL 





m Heart rate control through infusion for up to 24 hours"? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; conversion to normal sinus rhythm 
is not greater than placebo. 


"Occurs most often during or immediately following bolus injection. 
TCaution should be used in patients with congestive heart failure. 





Please see brief summary of prescribing information on next page. 076381 





CONVENIENT DOSAGE 





BOLUS: 0.25 mg/kg 
actual body weight 


over 2 minutes 
20 mg average patient 


BOLUS: 0.35 mg/kg 
actual body weight 


over 2 minutes 


25 mg average patient 








INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 
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BRIEF SUMMARY 


CARDIZEM* Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 


. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for contro! of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patient is compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 


In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 
bolus administration of CARDIZEM Injectable was effective in reducing heart 
rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally short lived, but may last from 1 to 3 hours. 
A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 
fibrillation or atrial flutter maintained at least a 2096 heart rate reduction dur- 
ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 


In the controlled clinical trials, 3.296 of patients required some form of inter- 
vention (typically, use of intravenous fluids or the Trendelenburg position) for 
blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 
effective in converting PSVT to normal sinus rhythm in 88% of patients within 
3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 
decreased heart rate or conversion to norma! sinus rhythm following adminis- 
tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 

CARDIZEM Injectable is contraindicated in: 

1 . Patients with sick sinus syndrome except in the presence of a functioning 

ventricular pacemaker. 

2. Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 
Patients with severe hypotension or cardiogenic shock. 
Patients who have demonstrated hypersensitivity to the drug. 

. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 

. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 
As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 


7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. It is important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular ongin prior to administration of CARDIZEM Injectable. 


WARNINGS 


1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zem in patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 

. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


5. Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
caution in patients with impaired renal or hepatic function (see WARNINGS). 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 
Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravencus diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 


Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agents) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


As with all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 


Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 


Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate secum 
levels. If use of CARDIZEM is deemed essential, an alternative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/fiutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 


Adverse events reported in controlled and uncontrolled clinical trials were gener- 
ally mild and transient. Hypotension was the most commonly reported adverse 
event during clinical trials. Asymptomatic hypotension occurred in 4.396 of 
patients. Symptomatic hypotension occurred in 3.29/ of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 1% of the diltiazem-treated patients were injection site reac- 
tions (eg, itching, burning) —3.996, vasodilation (flushing) — 1.736, and 
arrhythmia (junctional rhythm or isorhythmic dissociation)— 1.096. 

In addition, the following events were reported infrequently (less than 1%): 


Cardiovascular: Atrial flutter, AV block first degree, AV block second 
degree, bradycardia, chest pain, congestive heart 
failure, sinus pause, sinus node dysfunction, syncope. 
ventricular arrhythmia, ventricular fibrillation, ventric- 
ular tachycardia. 
Pruritus, sweating. 
Constipation, elevated SGOT or alkaline phosphatase, 
nausea, vomiting. 
Dizziness, paresthesia. 
Amblyopia, asthenia, dry mouth, dyspnea, edema, 
headache, hyperuricemia. 
Although not observed in clinical trials with CARDIZEM Injectable, other 
reactions associated with oral diltiazem may occur. 

Product information as of October 1991 


Dermatologic: 
Gastrointestinal: 


Nervous System: 
Other: 
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Verapamil HCL 


PELLET-FILLED CAPSULES 


Please see brief summary of 





IN HYPERTENSION TAKE CONTROL WI 


Constipation, which can easily be managed in most patients, 
is the most frequently reported side effect of verapamil. 


Please see brief summary of Prescribing Information including 
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e patented SODAS”? delivery system is 
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CLINICAL PHARMACOLOGY 


Food does not affect the extent or rate of the absorption of verapamil from the controlled release VERELAN 
capsule. 

Atrioventricular block can occur in patients without preexisting condition defects (see WARNINGS). 

Acceleration of ventricular rate and/or ventricular fibrillation has been reported in patients with atrial flut- 
ter or atrial fibrillation and a coexisting accessory AV pathway following administration of verapamil (see 
WARNINGS). 

In patients with hepatic insufficiency, metabolism is delayed and elimination half-life prolonged up to 14 to 16 
hours (see PRECAUTIONS), the volume of distribution is increased, and plasma clearance reduced to about 
30% of normal. 


CONTRAINDICATIONS 


Severe LV dysfunction (see WARNINGS), hypotension (systolic pressure <90 mmHg) or cardiogenic 
shock, sick sinus syndrome (if no pacemaker is present), second- or third-degree AV block (if no pacemaker is 
present), atrial flutter/fibrillation with an accessory bypass tract (eg, WPW or LGL syndromes), (see WARN- 
INGS), hypersensitivity to verapamil. 


WARNINGS 


Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction <30%) or 
moderate-to-severe symptoms of cardiac failure and in patients with any degree of ventricular dysfunction if 
they are receiving a beta blocker. Control milder heart failure with optimum digitalization and/or diuretics be- 
fore VERELAN is used. Verapamil may occasionally produce hypotension. Elevations of liver enzymes have 
been reported. 

Several cases of hepatocellular injury have been demonstrated to be produced by verapamil. Periodic mon- 
itoring of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/or chronic atrial 
flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL syndromes) have developed an increased 
antegrade conduction across the accessory pathway bypassing the AV node, producing a very rapid ventricu- 
lar response or ventricular fibrillation after receiving IV verapamil (or digitalis). Because of this risk, oral verap- 
amil is contraindicated in such patients. AV block may occur (second- or third-degree, 0.8%). Development of 
marked first-degree block or progression to second- or third-degree block requires reduction in dosage or, 
rarely, discontinuation and institution of appropriate therapy. Sinus bradycardia, second-degree AV block, 
sinus arrest, pulmonary edema and/or severe hypotension were seen in some critically ill patients with hyper- 
trophic cardiomyopathy who were treated with verapamil. 


PRECAUTIONS 


Verapamil should be given cautiously to patients with impaired hepatic function (in severe dysfunction use 
about 30% of the normal dose) or impaired renal function, and patients should be monitored for abnormal 
prolongation of the PR interval or other signs of overdosage. Verapamil may decrease neuromuscular trans- 
mission in patients with Duchenne's muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients with attenuated 
neuromuscular transmission. Combined therapy with beta-adrenergic blockers and verapamil may result in 
additive negative effects on heart rate, atrioventricular conduction and/or cardiac contractility; there have 
been reports of excessive bradycardia and AV block, including complete heart block. The risks of such com- 
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bined therapy may outweigh the benefits. The combination should be used only with caution and close mor 
toring. Decreased metoprolol clearance may occur with combined use. Chronic verapamil treatment can it 
crease serum digoxin levels by 50% to 75% during the first week of therapy, which can result in digitalis toxicit 
In patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clearance | 
digitoxin. The digoxin dose should be reduced when verapamil is given and the patient care'ully monitorer 
Verapamil will usually have an additive effect in patients receiving blood pressure-lowering agents. Disopy 
amide should not be given within 48 hours before or 24 hours after verapamil administration. Concomitant us 
of flecainide and verapamil may have additive effects on myocardial contractility, AV conduction, and repola 
ization. Combined verapamil and quinidine therapy in patients with hypertrophic Cardiomyopathy should b 
avoided, since significant hypotension may result. Verapamil has been given concomitantly with short- an 
long-acting nitrates without any undesirable drug interactions. Interaction between cimetidine and chronicall 
administered verapamil has not been studied. In healthy volunteers, clearance of verapamil was reduced ¢ 
unchanged. Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels ¢ 
increased sensitivity to lithium, Patients receiving both drugs must be monitored carefully. 

Verapamil may increase carbamazepine concentrations during combined use. Rifampin may reduce ve: 
apamil bioavailability. Phenobarbital may increase verapamil clearance. Verapamil may increase serum le 
els of cyclosporine. Concomitant use of inhalation anesthetics and calcium antagonists needs careful titratio 
to avoid excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular block 
ing agents (curare-like and depolarizing); dosage reduction may be required. Adequate animal carcinogenic 
ity studies have not been performed. One study in rats did not suggest a tumorigenic potential and verapam 
was not mutagenic in the Ames test. Pregnancy Category C: There are no adequate and well-controlle 
studies in pregnant women. This drug should be used during pregnancy, labor, and delivery only if clearl 
needed. Verapamil is excreted in breast milk; therefore, nursing should be discontinued during verapamil use 
Safety and efficacy of verapamil in children below the age of 18 years have not been established 
ADVERSE REACTIONS 

Reversible (upon discontinuation of verapamil) nonobstructive, paralytic ileus has been infrequent! 
reported in association with the use of verapamil. 

In clinical trials with 285 hypertensive patients on VERELAN for more than 1 week, the fol'owing advers 
reactions were reported: constipation (7.4%); headache (5.3%); dizziness (4.2%); lethargy (3.2%): dyspepsi: 
(2.5%); rash (1.4%); ankle edema (1.4%): sleep disturbance (1.4%): myalgia (1.196). In clinical trials o* othe 
formulations of verapamil HCI (N = 4,954), the following reactions have occurred at rates greater than 1.0% 
constipation (7.3%); dizziness (3.3%); nausea (2.7%); hypotension (2.5%); edema (1.9%); headache (2.2%) 
rash (1.2%); CHF/pulmonary edema (1.8%); fatigue (1.7%); bradycardia (HR<50/min) (1.4%): AV block-tote 
1°, 2°, 3° (1.2%); 2° and 3° (0.8%); flushing (0.6%); elevated liver enzymes (see WARNINGS) 

The following reactions, reported in 1.0% or less of patients, occurred under conditions (open trials, market 
ing experience) where a Causal relationship is uncertain. Cardiovascular: angina pectoris, atrioventricula 
dissociation, chest pain, claudication, myocardial infarction, palpitations, purpura (vasculitis), syncope. Di 
gestive System: diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia. Hemic and Lymphatic 
ecchymosis or bruising. Nervous System: cerebrovascular accident, confusion, equilibrium disorders, in 
somnia, muscle cramps, paresthesia, psychotic symptoms, shakiness, somnolence. Respiratory: dyspnea 
Skin: arthralgia and rash, exanthema, hair loss, hyperkeratosis, maculae, sweating, urticaria, Stevens 
Johnson syndrome, erythema multiforme. Special Senses: blurred vision. Urogenital: gynecomastia, impo 
tence, increased urination, spotty menstruation. 
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PREVENTIVE CARDIOLOGY 

"à y RRM Rae UNSER EL o, eal Re Me SOW) Rez a a mg Ye ERN EEL ALA CER 
Usefulness of Parental Serum Total Cholesterol Levels in 
identifying Children with Hypercholesterolemia 

Irwin Benuck, Samuel S. Gidding, Mark Donovan, Edward S. Traisman, 
and Howard S. Traisman 


It is hypothesized that healthy children with high cholesterol levels would 
have parents who exceed acceptable cholesterol levels established by the 
National Cholesterol Education Program. One hundred sixty families 
(320 parents and 263 children, aged 3 to 10 years) were evaluated for total 
cholesterol and other risk factors. Before the study, almost half of the 
parents had not had cholesterol measured. The odds ratio for a child 
having a total cholesterol 25.17 mmol/liter (200 mg/dl) was 13.6:1 
(confidence interval 5.7 to 32.5) for a child with at least 1 parent having 
cholesterol 26.20 mmol/liter (240 mg/dl) versus a child whose parents 
had low total cholesterol. If testing was restricted to children who had at 
least 1 parent with total cholesterol 25.17 mmol/liter (200 mg/dl), a 
sensitivity of 98% was established for detecting children's total cholesterol 
75.17 mmol/liter. It is concluded that parental total cholesterol is useful 
in identifying children with high cholesterol. Pediatricians may identify a 
large number of parents with hypercholesterolemia not previously recog- 
nized. 


CORONARY ARTERY DISEASE 


rol PIENE MA Mofa Ee TREE UE DH ees SE Dii hai ESOS SU DECRE DIG CRUEL 
Stability Over Time of Heart Period Variability in Patients with 
Previous Myocardial Infarction and Ventricular Arrhythmias 

J. Thomas Bigger, Jr., Joseph L. Fleiss, Linda M. Rolnitzky, and Richard 
C. Steinman, with data contributed by the CAPS and ESVEM Investigators 


To determine the reproducibility of frequency domain measures of heart 
period variability in patients with previous myocardial infarction, 2 ran- 
dom samples of 40 patients each (1 from the Cardiac Arrhythmia Pilot 
Study [CAPS] [unsustained ventricular arrhythmias], and 1 from Electro- 
physiologic Studies Versus Electrocardiographic Monitoring [ESVEM] 
[sustained ventricular arrhythmias]) were studied. For each patient, two 
24-hour continuous electrocardiographic recordings were analyzed, and 
the average normal RR interval, total power and 4 components of total 
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power were calculated. Group means and standard deviations for each 
sample were virtually identical for the pairs of 24-hour recordings. Fur- 
thermore, measurements for individual patients were stable from day to 
day. Reproducibility of heart period variability measurements is excellent 
in patients with previous myocardial infarction and ventricular arrhyth- 
mias, facilitating detection of changes due to progression or regression of 
cardiac disease or to drug effects. 


Do OPERE OHNE A a TREO ur RECO n aS 
Frequency of Complications of Cardiopulmonary Resuscitation 
After Thrombolysis During Acute Myocardial Infarction 

Karl H. Scholz, Ulrich Tebbe, Christoph Herrmann, Jaroslav Wojcik, 
Renate Lingen, Joerg M. Chemnitius, Stephan Brune, and 

Heinrich Kreuzer 


The influence of cardiopulmonary resuscitation on thrombolytic bleeding 
complications in myocardial infarction was assessed. Forty-three patients 
received thrombolysis and resuscitation within a time interval of «24 
hours. Lysis had been performed either a short period before (n = 21), 
during ongoing (n = 6) or a short time after (n = 16) mechanical resusci- 
tation (mean duration of resuscitation 36 + 32 minutes). There was no 
difference in the rate of bleeding in patients with and without resuscita- 
tion. In no patient was the bleeding directly related to cardiocompression. 
Thus, cardiopulmonary resuscitation should be no contraindication for 
thrombolysis in myocardial infarction. 


(pe E UNIES CLP CENA ROUEN ATEA PCT ICE 
Relation of the Site of Acute Myocardial Infarction to the Most 
Severe Coronary Arterial Stenosis at Prior Angiography 

Didier Giroud, Jian M. Li, Philip Urban, Bernhard Meier, and 

Wilhelm Rutishauser 


To determine whether the site of acute myocardial infarction (AMI) can 
be predicted on the basis of a previous angiogram, 184 angiograms ob- 
tained between March 1972 and August 1990 in 92 patients who had 
undergone coronary angiography both before and after AMI without 
intervening bypass surgery or angioplasty were evaluated. Seventy-two 
segments (78%) responsible for future AMI were not significantly ste- 
nosed. AMI was related to the previously most stenotic segment in only 29 
patients (32%), and for these, median time between the first coronary 
angiogram and AMI was slightly shorter (22 vs 28 months; p = 0.04). 
The severity of the narrowing was a poor predictor of subsequent AMI. 


733 
Effect on Prognosis of Abolition of Exercise-Induced Painless 
Myocardial Ischemia by Medical Therapy 

Richard Lim, Lorraine Dyke, and Duncan S. Dymond 





To see if abolition of exercise-induced painless myocardial ischemia by 

anti-ischemic medication confers a better prognosis in medically treated 

coronary artery disease, 34 consecutive patients with such ischemia were 

studied during exercise radionuclide ventriculography performed after 

temporary discontinuation of medication. The test was repeated with 

patients receiving regular conventional therapy that rendered angina no 
Continued on page A20 
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worse than class I. The relative risk of adverse cardiac events when 
painless ischemia was abolished by such symptom-dictated therapy was 
reduced by more than fivefold. Thus, the abolition of exercise-induced 
painless ischemia by conventional medical therapy has a better short-term 
prognosis in patients with medically treated coronary artery disease, and 
suggests that therapeutic efficacy may need to be assessed by titration 
against ischemia and not just against angina. 


736 

Usefulness of Serum Lipoprotein (a) as a Predictor of 
Restenosis After Percutaneous Transluminal Coronary 
Angioplasty 

James A. Hearn, Bryan C. Donohue, Hisham Ba'albaki, John Douglas, 
Spencer King Ill, Nicholas Lembo, Gary Roubin, and Demetrios Sgoutas 


Serum lipoprotein (a) (Lp[a]) and other lipid fractions were determined in 
69 patients returning for follow-up catheterization within 10 months after 
percutaneous transluminal coronary angioplasty. The overall restenosis 
rate was 71% in these predominantly symptomatic patients. These 2 
groups were well matched for variables known to be associated with 
restenosis. By multivariate analysis serum Lp(a) was the only serum 
predictor of restenosis. If serum Lp(a) was <19 mg/dl the restenosis rate 
was 58% compared with 89% above that level (odds ratio 5.9, 95% confi- 
dence interval 4.6 to 7.2). 


740 

Dobutamine Stress Echocardiography Before and After 
Coronary Angioplasty 

Albert J. McNeill, Paolo M. Fioretti, El-Said M. El-Said, Alessandro Salustri, 
Pim J. de Feyter, and Jos R. T. C. Roelandt 


Dobutamine stress echocardiography (up to 40 ug/kg/min, with the 
addition of up to 1 mg of atropine if needed to achieve the target heart 
rate) was performed 1 day before and at a mean of 1.3 days after success- 
ful elective angioplasty in 28 patients. The frequency of dobutamine- 
induced new wall motion abnormalities decreased from 71% before to 14% 
after angioplasty (p «0.0001). After angioplasty, 14 patients completed 
the stress test to achieve the target heart rate without developing symp- 
toms, ST changes or echocardiographic abnormalities compared with 7 
before angioplasty. Early after angioplasty there is a reduction in myocar- 
dial ischemia as assessed by dobutamine stress echocardiography. 


746 

Value and Limitations of Current Methods of Evaluating 
Patients Presenting to the Emergency Room with Cardiac- 
Related Symptoms for Determining Long-Term Prognosis 
Flordeliza S. Villanueva, Peter J. Sabia, Ali Afrookteh, Stewart G. Pollock, 
Lie-Ju Hwang, and Sanjiv Kaul 


To determine the value and limitations of the current approach of evaluat- 

ing patients presenting to the emergency room (ER) with cardiac-related 

symptoms in terms of predicting long-term outcome, 265 patients were 

followed for 20 + 9 months. Eighty-three patients (31%) had an adverse 

cardiovascular event during this period; 42 occurred within 48 hours of ER 
Continued on page A26 
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IHE CARDURA 





"Adapted from the interim (12 months) results of the Treatment of Mil 
therapies. All drugs (except acebutolol) were given initially in low d 
doubled. If blood pressure remained elevated, a second drug ( 


various drug groups with median dosages, as follows: doxazos 
13.7 mm Hg (n=847; P«0.01 vs placebo). 


'n2128; P<0.01 vs placebo. In a pooled 
in total cholesterol (-2.7%) and LD 


d Hypertension Study, a randomized, double-blind, placebo-controlled tria, of a nutritional-hygienic regimen along with various dr 
oses. If the patient showed a diastolic blood pressure more than 95 mm Hg on three successive follow-up visits, the dosage was 
chiorthalidone, except for chlorthalidone group, which was given enalapril) 

in (2 mg/day), 12.0 mm Hg; enalapril (5 mg/day), 


was added. Mean diastolic blood pressure was lowered in 
12.2 mm Hg; chlorthalidone (15 mg/day), 13.1 mm Hg; and acebutolo! (400 mg/day) 
analysis of placebo-controlled studies with about 300 predominantly normocho 


lesterolemic patients per treatment group, CARDURA produced a small decre: 
L cholesterol (-4.396) and a small increase in the HOL/total cholesterol ratio (44.396) 
‘Adapted from Lehtonen et al’ (n=77; after 26 weeks: P«0.001 compared with week 0 for blood pressure and insulin, P<0.05 compared with week 0 f 


or glucose) 


GENERATION 
D diei. tsa dh te 


a new generation of hypertensives. 


Choose CARDURA for blood pressure control that 
doesn't jeopardize blood lipids. 


In the Treatment of Mild Hypertension Study, CARDURA 
lowered diastolie blood pressure (mean 12.0 mm Hg) as effectively 


as enalapril, chlorthalidone, and acebutolol" 






CARDURA lowered blood pressure with a small increase in the 
HDL/total cholesterol ratio (42.496) in the same study." The clinical 
significance of these changes is uncertain. Cholesterol is just one 
parameter to consider when selecting the best individualized therapy 
for a given patient 


Choose CARDURA for blood pressure control that 
doesn't compromise blood sugar. 
CARDURA controlled diastolic blood pressure without an adverse 


effect on glucose tolerance or insulin control" 


CARDURA is well tolerated. In placebo-controlled studies, only three 
common side effects were reported significantly more often than 
placebo: dizziness, somnolence, and fatigue. 


Only 2% of patients discontinued therapy due to adverse effects— 
the same as with placebo 


* These were generally mild and transient. Syncope has been reported, but rarely («196) 
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CARDURA® (doxazosin mesylate) Tablets doxazosin/kg/day for 18 months. No cardiotoxicity was observed at lower DOXAZOSIN PLA 
I: : E = Information doses (up to 10 or 20 mg/kg/day, ar ge on the study) in either species. (N-339) (N 
INDICATIONS AND USAGE These lesions were not observed after 12 months of oral dosing in dogs and : ; : 
CARDURA (doxazosin mesylate) is indicated for the treatment of Wistar rats at maximum doses of 20 mg/kg/day and 100 mg/kg/day, MUSCULOSKELETAL: Aimer orien x 
hypertension. CARDURA may be used alone or in combination with respectively. There is no evidence that similar lesions occur in humans. Myalgia 1% 
diuretics or beta-adrenergic blocking agents. There is limited experience Carcinogenesis, Mutagenesis and Impairment of Fertility: 
with CARDURA in combination with angiotensin converting enzyme Chronic dietary administration (up to 24 months) of doxazosin mesylate at CENTRAL & 
inhibitors or calcium channel blockers. maximally tolerated concentrations (highest dose 40 mg/kg: about 150 PERIPHERAL N.S.: Headache 14% 
CONTRAINDICATIONS times the maximum recommended human dose of 16 mg/60 kg) revealed Paresthesia 1% 
CARDURA is contraindicated in patients with a known sensitivity to no evidence of carcinogenicity in rats. There was also no evidence of Kinetic Disorders 1% 
quinazolines (e.g. prazosin, terazosin). carcinogenicity in a similarly conducted study (up to 18 months of dietary Ataxia 1% 
WARNINGS acministration) in mice. The mouse study, however, was compromised by Hypertonia 1% 
Syncope and "First-dose" Effect: the failure to use a maximally tolerated dose of doxazosin. Muscle Cramps 1% 
Doxazosin, like other alpha-adrenergic blocking agents, can cause Mutagenicity studies revealed no drug- or metabolite-related effects at AUTONOMIC: Mouth Dry 2%, 
marked hypotension, especially in the upright position, with syncope and — either chromosomal or subchromosomal levels. : Flushing 1% 
other postural symptoms such as dizziness. Marked orthostatic effects Studies in rats showed reduced fertility in males treated with doxazosin at 
are most common with the first dose but can also occur when there is a oral doses of 20 (but not 5 or 10) mg/kg/day, about 75 times the maximum SPECIAL SENSES: Vision Abnormal 2% 
dosage increase, or if therapy is interrupted for more than a few days. To recommended human dose. This effect was reversible within two weeks of Conjunctivitis/Eye Pain 196 
decrease the likelihood of excessive hypotension and syncope, it is drug withdrawal. Tinnitus 196 
essential that treatment be initiated with the 1 mg dose. The 2, 4, and Pregnancy PSYCHIATRIC: Somnolence 59, 
8 mg tablets are not for initial therapy. Dosage should then be adjusted Teratogenic Effects, Pregnancy Category B. Studies in rabbits and rats at i Nervousness 2% 
slowly (see DOSAGE AND ADMINISTRATION section) with increases in daily oral doses of up to 40 and 20 mg/kg, respectively (150 and 75 times Depression 1% 
dose every two weeks. Additional antihypertensive agents should be the maximum recommended daily dose of 16 mg, assuming a patient raha 1% 
added with caution. weight of 60 kg), have revealed no evidence of harm to the fetus. The rabbit Sexual Dysfunction 29, 
Patients being titrated with doxazosin should be cautioned to avoid Study, however, was compromised by the failure to use a maximally : 
situations where injury could result should syncope occur. tolerated dose of doxazosin. There are no adequate and well-controlled GASTROINTESTINAL: Nausea 3% 
In an early investigational study of the safety and tolerance of increasing Studies in pregnant women. Because animal reproduction studies are not Diarrhea 2% 
daily doses of doxazosin in normotensives beginning at 1 mg/day, only 2 of always predictive of human response, CARDURA should be used during Constipation 1% 
6 subjects could tolerate more than 2 mg/day without experiencing pregnancy only if clearly needed. Dyspepsia 1% 
symptomatic postural hypotension. In another study of 24 healthy Radioactivity was found to cross the placenta following oral Flatulence 1% 
normotensive male subjects receiving initial doses of 2 mg/day of administration of labelled doxazosin to pregnant rats. Abdominal Pain 0% 
doxazosin, seven (29%) of the subjects experienced symptomatic postural Nonteratogenic Effects. In peri-postnatal studies in rats, postnatal Vomiting 0% 
hypotension between 0.5 and 6 hours after the first dose necessitating development at maternal doses of 40 or 50 mg/kg/day of doxazosin was RESPIRATORY: Rhinitis 39 
termination of the study. In this study 2 of the normotensive subjects delayed as evidenced by slower body weight gain and a slightly later ` Dyspnea 1% 
experienced syncope. Subsequent trials in hypertensive patients always appearance of anatomical features and reflexes. E emos 1% 
began doxazosin dosing at 1 mg/day resulting in a 4% incidence of postural p = 
side effects at 1 mg/day with no cases of syncope. URINARY: Polyuria 2% 
In multiple dose clinical trials involving over 1500 patients with dose Urinary Incontinence 1% 
titration every one to two weeks, syncope was reported in 0.7% of patients. Micturation Frequency 0% 
None of these events occurred at the starting dose of 1 mg and 1.2% : 1 , * 
(8/664) occurred at 16 mg/day. GENERAL: rri eal s 
If syncope occurs, the patient should be placed in a recumbent position Asthenia 1% 
and treated supportively as necessary. Face Edema 1% 
PRECAUTIONS : 


1. Orthostatic Hypotension: 

While syncope is the most severe orthostatic effect of CARDURA, other 
symptoms of lowered blood pressure, suc^ as dizziness, lightheadedness, or 
vertigo, can occur, especially at initiation of therapy or at the time of dose 
increases. These were common in clinical trials, occurring in up to 23% of all 
patients treated and causing discontinuation of therapy in about 2%. 

In placebo controlled titration trials orthostatic effects were minimized by 
beginning therapy at 1 mg per day and titrating every two weeks to 2, 4, or 
8 mg per day. There was an increased frequency of orthostatic effects in 
patients given 8 mg or more, 10%, compared to 5% at 1-4 mg and 3% in 
the placebo group. 

Patients in occupations in which orthostatic hypotension could be 
dangerous should be treated with particular caution. 

If hypotension occurs, the patient should be placed in the supine position 
and, if this measure is inadequate, volume expansion with intravenous fluids 
or vasopressor therapy may be used. A transient hypotensive response is not 
a contraindication to further doses of CARDURA. 

2. Impaired liver function: 

CARDURA should be administered with caution to patients with evidence of 
impaired hepatic function or to patients receiving drugs known to influence 
hepatic metabolism (see CLINICAL PHARMACOLOGY). There is no controlled 
Clinical experience with CARDURA in patients with these conditions. 

3. Leukopenia/Neutropenia: 

Analysis of hematologic data from patients receiving CARDURA in 
controlled clinical trials showed that the mean WBC (N=474) and mean 
neutrophil counts (N=419) were decreased by 2.4% and 1.0% respectively, 
compared to placebo, a phenomenon seen with other alpha blocking drugs. 
A search through a data base of 2400 patients revealed 4 in which drug- 
related neutropenia could not be ruled out. Two had a single low value on 
the last day of treatment. Two had stable, non-progressive neutrophil 
counts in the 1000/mm' range over periods of 20 and 40 weeks. In cases 
where follow-up was available the WBCs and neutrophil counts returned to 
normal after discontinuation of CARDURA. No patients became 
symptomatic as a result of the low WBC or neutrophil counts. 

Information for Patients: 

Patients should be made aware of the possibility of syncopal and orthostatic 
symptoms, especially at the initiation of therapy, and urged to avoid driving or 
hazardous tasks for 24 hours after the first dose, after a dosage increase, and 
after interruption of therapy when treatment is resumed. They should be 
cautioned to avoid situations where injury could result should syncope occur 
during initiation of doxazosin therapy. They should also be advised of the 
need to sit or lie down when symptoms of lowered blood pressure occur, 
although these symptoms are not always orthostatic, and to be careful when 
rising from a sitting or lying position. If dizziness, lightheadedness, or 
palpitations are bothersome they should be reported to the physician, so that 
dose adjustment can be considered. Patients should also be told that 
drowsiness or somnolence can occur with doxazosin, requiring caution in 
people who must drive or operate heavy machinery. 

Drug Interactions: 

Most (98%) of plasma doxazosin is protein bound. /n vitro data in human 
plasma indicate that CARDURA has no effect on protein binding of digoxin, 
warfarin, phenytoin or indomethacin. There is no information on the effect 
of other highly plasma protein bound drugs on doxazosin binding. 
CARDURA has been administered without any evidence of an adverse drug 
interaction to patients receiving thiazide diuretics, beta blocking agents, and 
nonsteroidal anti-inflammatory drugs. 

Drug/Laboratory test interactions: 

None known. 

Cardiac Toxicity in Animals: 

An increased incidence of myocardial necrosis or fibrosis was displayed by 
Sprague-Dawley rats after 6 months of dietary administration at 
concentrations calculated to provide 80 mg doxazosin/kg/day and after 

12 months of dietary administration at concentrations calculated to provide 
40 mg doxazosin/kg/day (150 times the maximum recommended human 
dose assuming a patient weight of 60 kg). Myocardial fibrosis was observed 
in both rats and mice treated in the same manner with 40 mg 





Nursing Mothers 

Studies in lactating rats given a single oral dose of 1 mg/kg of [2-“C]- 
doxazosin indicate that doxazosin accumulates in rat breast milk with a 
maximum concentration about 20 times greater than the maternal plasma 
concentration. It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when CARDURA is administered to a nursing mother. 

Pediatric Use 

Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

CARDURA has been administered to approximately 4000 patients, of whom 
1679 were included in the clinical development program. In that program, 
minor adverse effects were frequent, but led to discontinuation of treatment 
in only 7% of patients. In placebo-controlled studies adverse effects 
occurred in 49% and 40% of patients in the doxazosin and placebo groups, 
respectively, and led to discontinuation in 2% of patients in each group. The 
major reasons for discontinuation were postural effects (2%), edema, 
malaise/fatigue, and some heart rate disturbance, each about 0.7%. 

In controlled clinical trials directly comparing CARDURA to placebo there 
was no significant difference in the incidence of side effects, except for 
dizziness (including postural), weight gain, somnolence and 
fatigue / malaise. Postural effects and edema appeared to be dose related. 

The prevalence rates presented below are based on combined data from 
placebo-controlled studies involving once daily administration of doxazosin 
at doses ranging from 1-16 mg. Table 1 summarizes those adverse 
experiences (possibly/probably related) reported for patients in these 
studies where the prevalence rate in the doxazosin group was at least 0.5% 
or where the reaction is of particular interest. 


TABLE 1 
ADVERSE REACTIONS DURING PLACEBO CONTROLLED STUDIES 


DOXAZOSIN PLACEBO 

(N-339) (N-336) 

CARDIOVASCULAR: Dizziness 19% 9% 
Vertigo 2% 1% 

Postural Hypotension 0.3% 0% 

Edema 4% 3% 

Palpitation 2% 3% 

Arrhythmia 1% 0% 

Hypotension 1% 0% 

Tachycardia 0.3% 1% 

Peripheral Ischemia 0.3% 0% 

SKIN APPENDAGES: Rash 1% 1% 
Pruritus 1% 1% 





Additional adverse reactions have been reported, but these are, in gel 
not distinguishable from symptoms that might have occurred in the 
absence of exposure to doxazosin. The following adverse reactions 
occurred with a frequency of between 0.5% and 1%: syncope, 
hypoesthesia, increased sweating, agitation, increased weight. The 
following additional adverse reactions were reported by <0.5% of 3960 
patients who received doxazosin in controlled or open, short- or long-ti 
Clinical studies, including international studies. Cardiovascular System: 
angina pectoris, myocardial infarction, cerebrovascular accident: Autom 
Nervous System: pallor; Metabolic: thirst, gout, hypokalemia; Hematopok 
lymphadenopathy, purpura; Reproductive System: breast pain; Skin 
Disorders: alopecia, dry skin, eczema; Central Nervous System: paresis, 
tremor, twitching, confusion, migraine, impaired concentration; Psychi 
paroniria, amnesia, emotional lability, abnormal thinking, depersonaliza 
Special Senses: parosmia, earache, taste perversion, photophobia, abno 
lacrimation; Gastrointestinal System: increased appetite, anorexia, fecal 
incontinence, gastroenteritis; Respiratory System: bronchospasm, sinusi 
coughing, pharyngitis; Urinary System: renal calculus; General Body System 
flushes, back pain, infection, fever/rigors, decreased weight, influenza-l 
symptoms. 

CARDURA has not been associated with any clinically significant char 
in routine biochemical tests. No clinically relevant adverse effects were 
noted on serum potassium, serum glucose, uric acid, blood urea nitrog 
creatinine or liver function tests. CARDURA has been associated with 
decreases in white blood cell counts (See Precautions). 

OVERDOSAGE 

The oral LDso of doxazosin is greater than 1000 mg/kg in mice and rats 
The most likely manifestation of overdosage would be hypotension, for 
which the usual treatment would be intravenous infusion of fluid. As 
doxazosin is highly protein bound, dialysis would not be indicated. 
DOSAGE AND ADMINISTRATION 

DOSAGE MUST BE INDIVIDUALIZED. The initial dosage of CARDURA ir 
hypertensive patients is 1 mg given once daily. This starting dose is 
intended to minimize the frequency of postural hypotension and first do 
syncope associated with CARDURA. Postural effects are most likely to 
occur between 2 and 6 hours after a dose. Therefore blood pressure 
measurements should be taken during this time period after the first do: 
and with each increase in dose. Depending on the individual patient's 
Standing blood pressure response (based on measurements taken at 
2-6 hours postdose and 24 hours postdose), dosage may then be incre; 
to 2 mg and thereafter if necessary to 4 mg, 8 mg and 16 mg to achieve 
desired reduction in blood pressure. Increases in dose beyond 4 mg 
increase the likelihood of excessive postural effects including syncop 
postural dizziness/vertigo, postural hypotension. At a titrated dose of 
16 mg once daily the frequency of postural effects is about 12% 
compared to 3% for placebo. 

HOW SUPPLIED 

CARDURA (doxazosin mesylate) is available as colored tablets for oral 
administration. Each tablet contains doxazosin mesylate equivalent to 1 
(white), 2 mg (yellow), 4 mg (orange) or 8 mg (green) of the active 
constituent, doxazosin. 

CARDURA® TABLETS are available as 1 mg (white), 2 mg (yellow), 4 
(orange) and 8 mg (green) scored tablets. 

Bottles of 100: 1 mg (NDC 0049-2750-66), 2 mg (NDC 0049-2760-66' 
4 mg (NDC 0049-2770-66), 8 mg (NDC 0049-2780-66) 

Recommended Storage: Store below 86°F(30°C). 

CAUTION: Federal law prohibits dispensing without prescription. 
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presentation, whereas 41 occurred in the ensuing months. Findings on 

physical examination and electrocardiogram provided incremental prog- 

nostic information, compared with that of history alone, when entered 

sequentially into a Cox model. However, by discriminant function analy- 
k sis, only 63% of actual events were correctly predicted by the model. 
, Events occurring after 48 hours of ER presentation were correctly predict- 
ed only 50% of the time compared with those occurring within 48 hours of 
ER presentation, which were correctly predicted 75% of the time 
(p = 0.04). It is concluded that patients presenting to the ER with cardi- 
ac-related symptoms are at high risk for cardiovascular events. The likeli- 
hood of a late event is as high as that of an early one. The current methods 
of evaluating patients with cardiac-related symptoms in the ER are limit- 
ed in terms of determining outcome, particularly in those at long-term risk 
for future events. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


751 

Effectiveness of Oral Sotalol for Treatment of Pediatric 
Arrhythmias 

Pascale Maragnès, Marion Tipple, and Anne Fournier 


Sixty-six patients (mean age 8.7 years, range 9 days to 24 years), includ- 
1 ing 14 infants aged <3 months were treated with oral sotalol. Supraven- 
| tricular reentrant tachycardia was present in 38 patients (20 with docu- 
| mented preexcitation), atrial flutter in 10 and atrial ectopic tachycardia in 
7. Three patients had other types of supraventricular tachycardia. Tachy- 
cardia was of ventricular origin in 6 patients (both supraventricular and 
ventricular in origin in the remaining 2). Overall, treatment was successful 
in 79% of patients. The highest rate of success was observed in patients 
with supraventricular reentrant tachycardia with or without preexcitation 
(89%) and in those with atrial ectopic tachycardia (85.5%). Atrial flutter 
could be controlled in 60% of patients. Sotalol seemed less effective in 
patients with ventricular tachycardia, with a complete control of the 
arrhythmia being achieved in only 17%. There were no adverse effects in 
89% of patients. Sotalol is a very effective drug for treating various 
pediatric arrhythmias, in particular supraventricular arrhythmias without 
significant adverse effects. 


e 755 
| Reproducibility of Head-Up Tilt-Table Testing for Eliciting 
Susceptibility to Neurally Mediated Syncope in Patients 
Without Structural Heart Disease 
Xiao Chun Chen, Meng Yang Chen, Stephen Remole, Youichi Kobayashi, 
Ann Dunnigan, Simon Milstein, and David G. Benditt 





This study assessed reproducibility of head-up tilt-table testing. Findings 
during 2 sequential 80? head-up tilt tests were compared in 23 patients 
with syncope of unknown origin. Fifteen patients (6596) developed synco- 
pe during tilt testing (tilt-positive); 8 were tilt-negative. In the 2 tests, 
results were concordant in 20 of the 23 patients (87%) (12 of 15 tilt- 
positive [80%] and 8 of 8 tilt-negative [100%] patients). Heart rates and 
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blood pressures during and at completion of tilt tests were not significantly 
different for tilts 1 and 2. It is concluded that 2 temporally, closely 
associated head-up tilt tests exhibit a high degree of reproducibility and 
therefore may be useful for assessing therapeutic interventions in patients 
susceptible to neurally mediated hypotension-bradycardia syndrome. 


CONGESTIVE HEART FAILURE 


i £023. oxi a E ge aL i ee 
I Clinical, Hemodynamic and Sympathetic Neural Correlates of 
| Heart Rate Variability in Congestive Heart Failure 
Michael G. Kienzle, David W. Ferguson, Clayton L. Birkett, Glenn A. 
Myers, William J. Berg, and D. James Mariano 


Heart rate (HR) variability decreases in patients with congestive heart 
failure, a finding that has been linked to poor outcome. Twenty-three 
patients with class II to IV heart failure who had hemodynamic, hormon- 
al, microneurographic and HR variability measurements without car- 
dioactive medications were studied to determine the relations among these 
measurements. HR variability (expressed as standard deviation or spec- 
tral power of RR interval) correlated poorly with measurements of cardiac 
performance such as left ventricular ejection fraction and filling pressure. 
In contrast, HR variability was most decreased in patients with the great- 
est sympathoexcitation (measured as plasma norepinephrine or muscle 
sympathetic nerve activity recorded from the peroneal nerve). These data 
suggest that measurement of HR variability may provide important non- 
invasive insights into autonomic dysfunction that accompanies heart fail- 
ure in patients. 


KD. Du LUN Loon SE, ou a IND TTE 
Evidence of Increased Microvascular Resistance and Arteriolar 
Hyalinosis in Skin in Congestive Heart Failure Secondary to 
idiopathic Dilated Cardiomyopathy 

Henrik Wroblewski, Jens Kastrup, Tove Ngrgaard, Svend-Aage 
Mortensen, and Stig Haunsg 


Minimal vascular resistance was measured in the skin of the foot in 12 
patients with short-term congestive heart failure (CHF) (New York 
Heart Association functional class >II for <1 year), in 14 with long-term 
CHF (New York Heart Association functional class >II for >1 year) and 
in 14 control subjects. Minimal vascular resistance was increased in both 
short-term (9.0 + 1.9 mm Hg : ml! - 100 g - min; p = 0.0003) and long- 
term (9.1 + 3.6 mm Hg » ml^! - 100 g - min; p = 0.008) CHF patients 
compared with that in control subjects (6.0 + 1.7 mm Hg - ml! - 100 g - 
min). Patients with CHF had increased arteriolar basement membrane 
thickness in skin biopsies compared with that in control subjects (p 
<0.002). Minimal vascular resistance was directly associated with the 
degree of structural microangiopathy (p «0.03; r = 0.45). Thus, the re- 
sults suggest that structural microangiopathic changes in arterioles are 
related to increased microvascular resistance in CHF. 
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From the Astra/Merck Research Programs 
NEW FROM MERCK SHARP & DOHME 


For mild-to-moderate hypertension 


ENDIL 


(FELODIPINE ~MSD) 


Tablets, 5 mg 10 mg 








A calcium channel blocker that provides 
« once-a-day dosing 
e vascular selectivity 


« savings from 23% to 60% compared 
with the starting doses of other once-a-day 
calcium channel blockers 


*Based on the usual recommended starting dose(s) from the manufacturers current product information for 
once-a-day calcium channel blockers for hypertension. Prices are manufacturers' direct prices, if available, or average 
wholesale prices from Medi-Span* Prescription Pricing Guide, February 1992, based on the most frequently purchased 
package size for each strength. 


PLENDIL is contraindicated in patients who are hypersensitive to this product. Felodipine, like other calcium 
antagonists, may occasionally precipitate significant hypotension and, rarely, syncope. It may lead to reflex 
tachycardia, which in susceptible individuals may precipitate angina pectoris. (See ADVERSE REACTIONS.) 


Although acute hemodynamic studies in a small number of patients with NYHA Class Il or IIl heart failure treated 
with felodipine have not demonstrated negative inotropic effects, safety in patients with heart failure has not 
been established. Caution, therefore, should be exercised when using PLENDIL in patients with heart failure or 
compromised ventricular function, particularly in combination with a beta blocker. 


Please see the Brief Summary of Prescribing Information on the next page of this advertisement. 


PLENDIL is a registered trademark of AB Astra. eo Printed on recycled paper 


IN MILD-TO-MODERATE HYPERTENSION, 


New once-a-day 


ENDIL 


(FELODIPINE ~ MSD) 


Available in: 
V NY 
~ 3 
omg 10 mg 


PLENDIL focuses more activity on vascular smooth muscle 
than cardiac muscle, reducing blood pressure principally 

as a consequence of a dose-related decrease of peripheral 
vascular resistance in man with a modest reflex increase 


in heart rate. 


CONTRAINDICATIONS: PLENDIL is contraindicated in patients 
who are hypersensitive to this product. 


PRECAUTIONS: General: Hypotension: =elodipine. like other 
calcium antagonists, may occasionally precipitate significant hypo- 
tension and rarely syncope. It may lead to reflex tachycardia which 
in Susceptible individuals may precipitate angina pectoris. (See 
ADVERSE REACTIONS.) 


Heart Failure: Although acute hemodynamic studies in a small 
number of patients with NYHA Class lI or IIl heart failure treated with 
felodipine have not demonstrated negative inotropic effects. safety 
in patients with heart failure has not been established. Caution 
therefore should be exercised when using PLENDIL in patients with 
heart failure or compromised ventricular function, particularly in 
combination with a beta blocker. 


Patients or Patients with Liver Function: Patients 
Over 65 years of age or patients with impaired liver function may have 
elevated plasma concentrations of felodipine and may therefore 
respond to lower doses of PLENDIL. These patients should have 
their blood pressure monitored closely during dosage adjustment of 
PLENDIL and should rarely require doses above 10 mq. (See CLIN- 
ICAL PHARMACOLOGY and DOSAGE AND ADMINISTRATION.) 


Edema: Peripheral edema, generally mild and not as- 
sociated with generalized fluid retention, was the most common ad- 
verse event in the clinical trials. The incidence of peripheral edema 
was both dose- and age-dependent. Frequency of peripheral 
edema mnc from about 10 percent in patients under 50 years of 
age taking 5 mg daily to about 30 percent in those over 60 years of 
age taking 20 mg daily. This adverse effect generally occurs within 
2-3 weeks of the initiation of treatment. 


Information for Patients: Patients should be instructed to take 
PLENDIL whole and not to crush or chew the tablets. They should be 
told that mild gingival hyperplasia (gum swelling) has been re- 
ported. Good dental hygiene decreases its incidence and severity. 


NOTE: As with many other drugs, certain advice to patients being 
treated with PLENDIL is warranted. This information is intended to 
aid in the safe and effective use of this medication. It is not a disclo- 
sure of all possible adverse or intended effects 


Drug Interactions: Beta-Blocking Agents: A pharmacokinetic 
study of felodipine in conjunction with metoorolol demonstrated no 
Significant effects on the pharmacokinetics of felodipine. The AUC 
and C- of metoprolol, however, were increased approximately 31 
and 38 percent, respectively. In controlled clinical trials, however. 
beta-blockers including metoprolol were concurrently adminis- 
tered with felodipine and were well toleratec. 

Cimetidine: In healthy subjects pharmacokinetic studies showed 
an approximately 50 percent increase in the area under the plasma 
concentration time curve (AUC) as well as the Cra of felodipine 
when given concomitantly with cimetidine. It is anticipated that a 
Clinically significant interaction may occur in some hypertensive pa- 
tients. Therefore, it is recommended that low doses of PLENDIL be 
used when given concomitantly with cimetidine 

Digoxin: When given concomitantly with felodipine the peak 
plasma concentration of digoxin was significantly increased. There 
was, however, no significant change in the AUC of digoxin. 

Other Concomitant Therapy: In healthy subjects there were no 
Clinically significant interactions when felodipine was given con- 
comitantly with indomethacin or spironolactone. 


Interaction with Food: See CLINICAL PHARMACOLOGY. Phar- 
macokinetics and Metabolism. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two- 
year carcinogenicity study in rats fed felodipine at doses of 77 23.1 
or 69.3 mg/kg/day (up to 28 times* the maximum recommended hu- 
man dose on a mg/m? basis), a dose-related increase in the inci- 
dence of benign interstitial cell tumors of the testes (Leydig cell 
tumors) was observed in treated male rats. These tumors were not 
observed in a similar study in mice at doses up to 138.6 mg/kg/day 
(28° times the maximum recommended human dose on a mg/m? 
basis). Felodipine, at the doses employed in the two-year rat study, 
has been shown to lower testicular testosterone and to produce a 
corresponding increase in serum luteinizing hormone in rats. The 
Leydig cell tumor development is possibly secondary to these hor- 
monal effects which have not been observed in man 

In this same rat study a dose-related increase in the incidence 
of focal squamous cell hyperplasia compared to control was ob- 
served in the esophageal groove of male and female rats in all dose 
groups. No other drug-related esophageal or gastric pathology was 
observed in the rats or with chronic administration in mice and dogs 
The latter species, like man, has no anatomical structure compar- 
able to the esophageal groove. 

Felodipine was not carcinogenic when fed to mice at doses of 
up to 138.6 mg/kg/day (28 times* the maximum recommended hu- 
man dose on a mg/m? basis) for periods of up to 80 weeks in males 
and 99 weeks in females. 

Felodipine did not display any mutagenic activity in vitro in the 
Ames microbial —— test or in the mouse lymphoma for- 
ward mutation assay. clastogenic potential was seen in vivo in 


"Based on patient weight o! 50 kg 


the mouse micronucleus test at oral doses up to 2500 mg/kg (506 
times* the maximum recommended human dose on a mg/m’ basis) 
or in vitro in a human lymphocyte chromosome aberration assay. 

A fertility study in which m&le and female rats were adminis- 
tered doses of 3.8, 9.6 or 26.9 mg/kg/day showed no significant ef- 
fect of felodipine on reproductive performance. 


Pregnancy: Pregnancy Category C: Teratogenic Effects. Studies in 
pregnant rabbits administered doses of 0.46, 1.2, 2.3 and 4.6 mg/kg 
day (from 0.4 to 4 times* the maximum recommended human dose on 
a mg/m” basis) showed digital anomalies consisting of reduction in 
Size and degree of ossification of the terminal phalanges in the fetuses 
The frequency and severity of the changes appeared dose-related 
and ware noted even at the lowest dose. These changes have been 
shown to occur with other members of the dihydropyridine class and 
are possibly a result of compromised uterine blood flow. Similar fetal 
anomalies were not observed in rats given felodipine 

In a teratology study in cynomolgus monkeys no reduction in 
the size of the terminal phalanges was observed but an abnormal 
position of the distal phalanges was noted in about 40 percent of the 
fetuses. 


Nonteratogenic Effects: A prolongation of parturition with difficult 
labor and an increased frequency of fetal and early postnatal 
deaths were observed in rats administered doses of 9 6 mg/kg/day 
(4 times” the maximum human dose on a mg/m? basis) and above 

Significant enlargement of the mammary glands in excess of 
the normal enlargement for pregnant rabbits was found with doses 
greater than or equal to 1.2 mg/kg/day (equal to the maximum hu- 
man dose on a mg/m? basis). This effect occurred only in pregnant 
rabbits and regressed during lactation. Similar changes in the 
mammary glands were not observed in rats or monkeys 

There are no adequate and well-controlled studies in pregnant 
women. If felodipine is used during pregnancy, or if the patient be- 
comes pregnant while taking this drug, she should be apprised of 
the potential hazard to the fetus, possible digital anomalies of the 
infant, and the potential effects of felodipine on labor and delivery. 
and on the mammary glands of pregnant females 


Nursing Mothers: It is not known whether this drug is secreted in 
human milk and because of the potential for serious adverse reac- 
tions from felodipine in the infant, a decision should be made 
whether ‘o discontinue nursing or to discontinue the drug, taking 
into account the importance of the drug to the mother 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: In controlled studies in the United States 
and overseas approximately 3000 patients were treated with felodi- 
pine as e ther the extended-release or the immediate-release for- 
mulation. 

The most common clinical adverse experiences reported with 
PLENDII* (Felodipine, MSD) administered as monotherapy in all 
settings and with all dosage forms of felodipine were penpheral 
edema and headache. Peripheral edema was generally mild, but it 
was age- and dose-related and resulted in discontinuation of ther- 
apy in about 4 percent of the enrolled patients. Discontinuation of 
therapy due to any clinical adverse experience occurred in about 9 
percent of the patients receiving PLENDIL, principally for peripheral 
edema, headache. or flushing 

Adverse experiences that occurred with an incidence of 1.5 
percent or greater during monotherapy with PLENDIL without re- 
gard to causality are compared to placebo in the table below 


Percent of Patients with Adverse Effects in Controlled Trials 
of PLENDIL as Monotherapy (Incidence of discontinuations 
shown in parentheses) 


PLENDIL% Placebo % 


Adverse Effect N=730 N=283 
Peripheral Edema 223 (42) 35 
Headache 186 (2.1) 10.6 
Flushing 64 (1.0) 1.1 
Dizziness 58 (0.8) 32 
Upper Respiratory Infection 95 101) 1.1 
Asthenia 47 (0.1) 28 
Cough 29 (0.0) 04 
Paresthesia 25 (0.1) 1.8 
Dyspepsia 2.3 (0.0) 1.4 
Chest Pain 21 (0.1) 14 
Nausea 19 (0.8) 1.1 
Muscle Cramps 19 (00) t4 
Palpitation 18 (0.5) 25 
Abdominal Pain 18 (03) 11 
Constipation 16 (0.1) 1.1 
Diarrhea 16 (0.1) 1.1 
Pharyngitis 16 (0.0) 0.4 
Rhinorrhea 1.6 (0.0) 0.0 
Back Pain 1.6 (0.0) 11 
Rash 15 (0.1) 1.1 





"Based on patient weight of 50 kg 


In the two dose response studies using PLENDIL* (Felodipine, MSC 
as monotherapy, the following table describes the incidenci 
(percent) of adverse experiences that were dose-related 


Placebo 5.0mg 10.0 20 m 


Adverse Effect N=121 N= N= N-5I 
Peripheral Edema 25 13.9 19.5 36.0 
Palpitation 0.8 0.0 24 12.0 
: Headache | 124 113 18.7 28.0 
Flushing 0.0 2.8 8.1 20.0 


In addition, adverse experiences that occurred in 0.5 up to 1.5 oer 
cent of patients who received PLENDIL in all controlled clinical stud 
ies (listed in order of decreasing severity within each category) anc 
Serious adverse events that occurred at a lower rate or were founc 
during marketing experience (those lower rate events are in italics 
were: Body as a Whole: Facial edema, warm sensation: Cardiovas: 
cular: Tachycardia, myocardial infarction, hypotension, syncope 
angina pectoris, arrhythmia; Digestive: Vomiting, dry mouth, flatu. 
lence; Hematologic: Anemia; Musculoskeletal Arthralgia, arn 
pain, knee pain, leg pain, foot pain, hip pain, myalgia; Nervous/Psy: 
chiatric’ Depression, anxiety disorders, insomnia. irritability, ner. 
vousness, somnolence: Respiratory: Bronchitis, influenza 
sinusitis. dyspnea, epistaxis, respiratory infection, sneezing: Skin 
Contusion, erythema, urticaria, Urogenital: Decreased libido. im. 
potence, urinary frequency, urinary urgency. dysuria. 

Felodipine. as an immediate release formulation, has also beer 
studied as monotherapy in 680 patients with hypertension in U S 
and overseas controlled clinical studies. Other adverse experi. 
ences not listed above and with an incidence of 0.5 percent oi 
greaterinclude: Body as a Whole: Fatigue; Digestive: Gastrointesti- 
nal pain; Musculoskeletal: Arthritis, local weakness. neck pain, 
shoulder pain, ankle pain: Nervous/Psychiatric: Tremor: Respira- 
tory Rhinitis, Skin: Hyperhidrosis, pruritus: Special Senses: Blurred 
vision, tinnitus, Urogenital: Nocturia. 


D: Gingival hyperplasia, usually mild, occurred 
in «0.5 percent of patients in controlled studies. This condition may 
De avoided or may regress with improved dental hygiene. (See 
PRECAUTIONS, Information for Patients.) 


Clinical Laboratory Test Findings: Serum Electrolytes: No SIC- 
nificant effects on serum electrolytes were observed during short- 
and long-term therapy (see CLINICAL PHARMACOLOGY. Renal! 
Endocrine Effects) 


Serum Glucose: No significant effects on fasting serum glucose 
were observed in patients treated with PLENDIL in the US. con- 
trolled study 


Liver Enzymes: One of two episodes of elevated serum trans- 
aminases decreased once drug was discontinued in clinical stud- 
ies; no follow-up was available for the other patient. 


OVERDOSAGE: Oral doses of 240 mg/kg and 264 mg/kg in male 
and female mice, respectively, and 2390 mg/kg and 2250 mg/kg in 
male and female rats. respectively. caused significant lethality 

In a suicide attempt. one patient took 150 mg felodipine to- 
gether with 15 tablets each of atenolol and spironolactone and 20 
tablets of nitrazepam. The patient's blood pressure and heart rate 
were normal on admission to hospital; he subsequently recovered 
without significant sequelae 

Overdosage might be expected to cause excessive peripheral 
vasodilation with marked hypotension and possibly bradycardia 

If severe hypotension occurs. symptomatic treatment should 
be instituted. The patient should be placed supine with the legs ele- 
vated. The administration of intravenous fluids may be useful to treat 
hypotension due to overdosage with calcium antagonists. In case of 
accompanying bradycardia. atropine (0.5-1 mg) should be admin- 
istered intravenously. Sympathomimetic drugs may also be given if 
the physician feels they are warranted 

It has not been established whether felodipine can be removed 
from the circulation by hemodialysis 


DOSAGE AND ADMINISTRATION: The recommended initial dose 
is mg once a day. Therapy should be adjusted individually accord- 
ing to patient response, generally at intervals of not less than two 
weeks. The usual dosage range is 5-10 mg once € The maxi- 
mum recommended daily dose is 20 mg once a day. That dose in 
Clinical trials showed an increased blood pressure response but a 
large increase in the rate of peripheral edema and other vasodila- 
tory adverse events (see ADVERSE REACTIONS). Modification of 
the recommended dosage is usually not required in patients with 
renal impairment. 

PLENDIL should be swallowed whole and not crushed or 
chewed 


Use in the Elderly or Patients with Impaired Liver Function: Pa- 
tients over 65 years of age or patients with impaired liver function. 
because they may develop higher plasma concentrations of felodi- 
pine, should have their blood pressure monitored closely during 
dosage adjustment (see PRECAUTIONS). In general, doses above 
10 mg should not be considered in these patients. 





For more detailed information, consult your MSD 
Representative or see complete Prescribing Information. 


Merck Sharp & Dohme, Division of Merck & Co., Inc., 
West Point. PA 19486. 


Copyright © 1992 by MERCK & CO., Inc.  JOPLO2(202) 
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VALVULAR HEART DISEASE 


vd p. EIN CONI ERR SC OE eR HIS CPI EI] one FS 
Mitral Valve Resistance as a Hemodynamic Indicator in Mitral 
Stenosis 

Reinaldo W. Beyer, Alfonso Olmos, Rubén F. Bermüdez, and 

H. Elizabeth Noll 


Gorlin mitral area and mitral valve resistance were calculated using simul- 
taneous left atrial and left ventricular pressures in 34 patients with isolated 
mitral stenosis. There was a negative exponential correlation between 
mitral resistance and Gorlin mitral area. Both Gorlin mitral area and 
mitral resistance improved after percutaneous balloon mitral dilatation. 
Gorlin mitral area increased during isoproterenol infusion, whereas mitral 
resistance did not change. Mitral resistance offers valuable hemodynamic 
information in mitral stenosis, particularly when varying hemodynamic 
conditions are present. 


CARDIOMYOPATHY 


780 

Myocardial Perfusion Abnormalities in Chronic Chagas’ 
Disease as Detected by Thallium-201 Scintigraphy 

José A. Marin-Neto, Paolo Marzullo, Claudio Marcassa, Lourenco Gallo, 
Jr., Benedito C. Maciel, C. Ricardo Bellina, and Antonio L'Abbate 


To determine if ischemia could be linked to the myocardial necrosis and 
fibrosis, and cardiac autonomic impairment usually demonstrated in 
chronic Chagas’ heart disease, thallium-201 myocardial scintigraphy was 
performed in 23 patients (aged 32 to 60 years) with Chagas' disease 
complaining of chest pain during maximal effort and after 4-hour redistri- 
bution. Regional wall motion, coronary anatomy and the cardiac para- 
sympathetic control were also evaluated. Scintigraphic analysis of 7 seg- 
ments per patient showed perfusion defects in at least 1 segment in all 
patients. Sixteen segments had fixed, 10 reversible and 22 paradox perfu- 
sion defects. Of the fixed defects 75% occurred in dyssynergic areas, 
whereas the paradox defects predominated in segments with normal wall 
motion (82%), and the reversible defects occurred in normal or mildly 
hypokinetic segments. Marked impairment of parasympathetic control 
was detected, but no coronary abnormalities were seen on angiography. 
Although fixed perfusion defects should correspond to fibrotic/necrotic 
lesions, reversible and paradox defects suggest regional flow or metabo- 
lism derangement, possibly related to abnormal parasympathetic control 
of myocardial microcirculation. 


Continued on page A35 
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BRIEF SUMMARY 
Therapy BAYER* ENTERIC Aspirin 


Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help Reduce the Risk of 
Second MI or MI in Unstable Angina 


DOSAGE AND ADMINISTRATION: 

Although most of the studies used dosages exceeding 300 mg, two trials used only 300 mg 
daily, and pharmacologic data indicate that this dose inhibits plarelet function fully. 
Therefore, 300 mg or a conventional 325 mg aspirin dose daily is a reasonable routine dose 
that would minimize gastrointestinal adverse reactions. This use of aspirin applies to both 
solid oral dosage forms (buffered and plain aspirin) and buffered aspirin in solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 

In the AMIS trial, the dosage of 1,000 mg per day of aspirin was associated with small 
increases in systolic blood pressure (BP) (average 1.5 to 2.1 mm) and diastolic BP (0.5 to 
0.6 mm), depending upon whether maximal or last available readings were used. Blood 
urea nitrogen and uric acid levels were also increased but by less than 1.0 mg percent. 
Subjects with marked hypertension or renal insufficiency had been excluded from the trial 
so that the clinical importance of these observations for such subjects or for any subjects 
treated over more prolonged periods is not known. It is recommended that patients placed 
on long-term aspirin treatment, even at doses of 300 mg per day, be seen at regular intervals 
to assess changes in these measurements. 


BIOAVAILABILITY: 

A single-dose bioavailability study' has demonstrated that plasma acetylsalicylic acid and 
salicylic acid concentrations resulting from Therapy BAYER* ENTERIC are equivalent to 
those from plain aspirin, i.e., non-enteric-coated aspirin. As expected, the enteric coating on 
Therapy BAYER* ENTERIC results in delayed absorption (peak achieved at approximately 
five hours postdosing) relative to plain aspirin. Dissolution of the enteric coating occurs at 
neutral-to-basic pH and is therefore dependent on gastric emptying into the duodenum. 
With continued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number of endoscopic 
studies comparing enteric-coated aspirin and plain aspirin, as well as plain buffered and 
“arthritis strength” preparations. In these studies, endoscopies were performed in healthy 
volunteers before and after either two-day or 14-day administration of aspirin doses of 
3,900 or 4,000 mg per day. Compared to all the other preparations, the enteric-coated 
aspirin produced significantly less damage to the gastric mucosa. There was also statistically 
less duodenal damage when compared with the plain, i.e., non-enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused gastrointestinal 
symptoms and bleeding that, in some cases, were clinically significant. In the largest 
postinfarction study (the Aspirin Myocardial Infarction Study [AMIS] with 4,500 people); 
the percentage of incidences of gastrointestinal symptoms for the aspirin (1,000 mg of a 
standard, solid-tablet formulation) and placebo-treated subjects, respectively, were stomach 
pain (14.5%, 4.4%), heartburn (11.996, 4.8%), nausea and/or vomiting (7.6%, 2.1%), and 
hospitalization for GI disorder (4.9%, 3.5%). In the AMIS and other trials, aspirin-treated 
patients had increased rates of gross gastrointestinal bleeding. Symptoms and signs of 
gastrointestinal irritation were not significantly increased in subjects treated for unstable 
angina with buffered aspirin in solution. 


PROFESSIONAL WARNING: 

Occasional reports have documented individuals with impaired gastric emptying in whom 
there may be retention of one or more enteric-coated aspirin caplets over time. This 
phenomenon may occur as a result of outlet obstruction from ulcer disease alone or 
combined with hypotonic gastric peristalsis. Because of the integrity of the enteric coating in 
an acidic environment, these caplets may accumulate and form a bezoar in the stomach. 
Individuals with this condition may present with complaints of early satiety or of vague 
upper abdominal distress. Diagnosis may be made by endoscopy or by abdominal films, 
which show opacities suggestive of a mass of small caplets? Management may vary 
according to the condition of the patient. Options include gastrotomy and alternating 
slightly basic and neutral lavage.‘ While there have been no clinical reports, it has been 
suggested that such individuals may also be treated with parenteral cimetidine (to reduce 
acid secretion) and then given sips of slightly basic liquids to effect gradual dissolution of 
the enteric coating. Progress may be followed with plasma salicylate levels or via 
recognition of tinnitus by the patient. 


It should be kept in mind that individuals with a history of partial or complete gastrectomy may 
produce reduced amounts of acid and therefore have less acidic gastric pH. Under these circumstances, 
the benefits offered by the acid-resistant enteric coating may not exist. 


REFERENCES: 

1, Data on file, Sterling Health. 2. Aspirin Myocardial Infarction Study Research Group: A 
randomized, controlled trial of aspirin in persons recovered from myocardial infarction. 
JAMA 1980;245:661-669. 3. Bogacz K, Caldron P: Enteric-coated aspirin bezoar: Elevation 
of serum salicylate level by barium study. Am J Med 1987;83:783-786. 4. Baum J: Enteric- 
coated aspirin and the problem of gastric retention. J Rheumatol 1984;11:250-251. 
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CONGENITAL HEART DISEASE 


PP LUI E OR QE Mb d A A NNI IR UE a NI ee IUS A 
Right Ventricular Overload and Induced Sustained Ventricular 
Tachycardia in Operatively **Repaired" Tetralogy of Fallot 
Pierre Y. Marie, Francois Marcon, Francois Brunotte, Serge Briancon, 
Nicolas Danchin, Anne M. Worms, Jacques Robert, and Claude Pernot 


The main predictors of the inducibility of a sustained ventricular tachycar- 
dia (VT) were investigated in 35 patients (aged 12 + 6 years) with 
repaired tetralogy of Fallot. During electrophysiologic studies, 10 patients 
had sustained VT (group 1) and 25 did not (group 2). Using a stepwise 
discriminant analysis, time from surgery (p <0.001), normalized right 
ventricular (RV) end-systolic volume (p <0.002) and RV systolic pres- 
sure (p = 0.01), which were higher in group 1, allowed classification of 
90% of group 1 and 96% of group 2 patients. Although a longer time from 
surgery was a major predictor of the inducibility of sustained VT, the 
presence of both RV systolic barometric and volumetric overloads were 
also important independent predictors, which suggests that increased RV 
systolic wall stress may be an essential determinant of sustained VT 
inducibility. 


TED S. S ELEM LE Ue d tic 
Extracorporeal Life Support in Cyanotic Congenital Heart 
Disease Before Cardiovascular Operation 

Nicole M. Hunkeler, Charles E. Canter, Ann Donze, and Thomas L. Spray 


The use of extracorporeal membrane oxygenation (ECMO) has generally 
been contraindicated in the presence of cyanotic congenital heart disease. 
From July 1988 to March 1991, ECMO was used in 8 patients with 
unoperated cyanotic congenital heart disease for hypercyanotic spells, 
pulmonary hypertensive crisis and septic shock. Indications included arte- 
rial oxygen saturation <60% and hemodynamic instability unresponsive 
to conventional medical therapy. Stabilization was achieved in all patients. 
Seven patients underwent palliative or corrective surgical procedures 
while on ECMO or within 48 hours of decannulation. One patient was 
bridged to double-lung transplantation. There was 1 operative and 2 late 
deaths, for a long-term survival rate of 62%. These results indicate that 
ECMO can be effective support in cardiovascular crises in cyanotic heart 
disease untreatable with maximal conventional therapy and can be used as 
a bridge to successful surgical palliation or repair. 


MISCELLANEOUS 


794 

Reappearance of a Normal Circadian Rhythm of Blood 
Pressure After Cardiac Transplantation 

Philippe van de Borne, Marc Leeman, Georges Primo, and 
Jean-Paul Degaute 


Nineteen patients with heart transplants underwent 24-hour ambulatory 
blood pressure (BP) and heart rate monitoring 1 and 7 months after 
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transplantation. The patients were compared with healthy volunteers 
matched for sex, age and daytime BP. An abnormal BP pattern was found 
in 11 of 19 patients in the short term. A normal circadian variation was 
present in all patients in the long term. An inverse correlation was found 
between the daily dosage of prednisolone and the magnitude of the day- 
night BP difference, suggesting that glucocorticoid administration con- 
tributes to the abnormal circadian BP profiles observed shortly after 
transplantation. 


CARDIOVASCULAR PHARMACOLOGY 


BERN LCS Lu ar OM E EE i tari s ae ios eT le ie 
Dose-Dependent Effect of Intravenous Nitroglycerin on Platelet 
Aggregation, and Correlation with Plasma Glyceryl Dinitrate 
Concentration in Healthy Men 

Karl-Erik Karlberg, Kristina Torfgárd, Johan Ahlner, and Christer Sylvén 


Platelet aggregation was studied using filtragometry at baseline, and 3 
increasing doses of intravenous nitroglycerin in 8 healthy subjects. Nitro- 
glycerin dose-dependently prolonged aggregation time by 91 + 68% (p 
«0.001) at the maximal dose (1.1 + 0.3 ug/kg/min). Correlations with 
plasma nitroglycerin and glyceryl dinitrate concentrations were noted. 


BRIEF REPORTS 


806 

Effect of Coronary Stenosis Severity on Variability of 
Quantitative Arteriography, and Implications for Interventional 
Trials 

G. B. John Mancini, Paula R. Williamson, and Scott F. DeBoe 


807 

Coronary Artery Disease and Factor VII Hyperactivity in 
Elderly Japanese 

Kazuomi Kario and Takefumi Matsuo 


810 

Effects of Percutaneous Balloon Mitral Valvotomy on 
Pulmonary Venous Flow in Severe Mitral Stenosis 

Deepak Natarajan, Ved P. Sharma, Subhash Chandra, Sanjay K. Dhar, 
Mahendra Gaba, and Birjis Caroli 


813 

Hemodynamic Determinants of the Peak Systolic Left 
Ventricular-Aortic Pressure Gradient in Children with Valvar 
Aortic Stenosis 

Robert H. Beekman, Albert P. Rocchini, Joseph H. Gillon, and 

G. B. John Mancini 


Continued on page A39 
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Sectral 


acebutolol HCI 


THE CARDIOSELECTIVE BETA BLOCKER FOR PVC CONTROL 


Usual starting 200 mg 
dose b.i.d. 


Optimal 600 mg to 
PVC response 1200 mg per day 


Use in elderly Doses above 800 mg per day 


should be avoided 
ES EIR Was NUTS AS STS BEE Dto C OIN E 


(Brief Summary. See Package Circular for full prescribing information.) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe 
bradycardia; 2) second- and third-degree heart block; 3) overt cardiac failure; 

4) cardiogenic shock. (See WARNINGS) 

WARNINGS: Cardiac Failure: Sympathetic stimulation may be essential for support 
of circulation in patients with diminished myocardial contractility and inhibition by 
B-adrenergic receptor blockade may precipitate more severe failure. Although 
B-blockers should be avoided in overt cardiac failure, SECTRAL can be used 
cautiously when heart failure is controlled with digitalis and/or diuretics. Digitalis and 
SECTRAL impair AV conduction. Withdraw SECTRAL if cardiac failure persists. 

In Patients Without a History of Cardiac Failure: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the 
myocardium with B-blockers over time may lead to cardiac failure. Digitalize patients at 
first signs of failure, and/or give a diuretic and observe closely. Withdraw SECTRAL if 
cardiac failure persists. 

Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Abrupt 
discontinuation of some B-blockers in coronary artery disease patients may exacerbate 
angina; in some cases, myocardial infarction and death have been reported. Caution 
such patients against interruption of therapy without a physician's advice. Even in the 
absence of overt ischemic heart disease, withdraw SECTRAL gradually over a period 
of about two weeks; observe carefully and advise patients to minimize physical activity 
during this time. (If desired, patients may be transferred directly to comparable doses 
of an alternative B-blocker without interruption of B-blocking therapy.) If exacerbation of 
angina occurs, restart full-dose anti-anginal therapy immediately and hospitalize 
patient until stabilized. 

Peripheral Vascular Disease: B-antagonists reduce cardiac output and can 
precipitate/aggravate arterial insufficiency in patients with peripheral or mesenteric 
vascular disease. Exercise caution and observe such patients closely for progression 
of arterial obstruction. 

Bronchospastic Diseases: Patients with Bronchospastic Disease Should, in 
General, Not Receive a B-Blocker. Because of its relative B4-selectivity, low doses of 
SECTRAL may be used cautiously in such patients who do not respond to, or cannot 
tolerate, alternative treatment. Since B,-selectivity is not absolute and is dose- 
dependent, use lowest possible dose of SECTRAL initially, preferably in divided doses. 
Make bronchodilator, e.g., theophylline, or a B>-stimulant, available in advance with 
instructions for use. 

Anesthesia and Major Surgery: The necessity/desirability of withdrawing 

B-blockers prior to major surgery is controversial: the heart's impaired ability to 
respond to B-adrenergically mediated reflex stimuli may enhance the risk of excessive 
myocardial depression during general anesthesia. Difficulty in restarting and 
maintaining the heartbeat also has been reported with beta-blockers. If treatment is 
continued, take special care when using anesthetics that depress the myocardium; 
use lowest possible SECTRAL dose. SECTRAL, like other B-blockers, is a competitive 
inhibitor of B-receptor agonists, so its effects can be reversed by cautious 
administration of such agents (e.g., dobutamine or isoproterenol). Symptoms of 
excessive vagal tone (e.g., profound bradycardia, hypotension) may be corrected with 
atropine. 

Diabetes and Hypoglycemia: B-blockers may potentiate insulin-induced 
hypoglycemia and mask some symptoms such as tachycardia; dizziness and 
Sweating are usually not significantly affected. Warn diabetics of possible masked 
hypoglycemia. 
Thyrotoxicosis: B-adrenergic blockade may mask some clinical signs (tachycardia) 
of hyperthyroidism. Abrupt withdrawal of SECTRAL may precipitate a thyroid storm in 
patients suspected of developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal or Hepatic Function: While there are no U.S. 
studies, foreign published experience shows that acebutolol has been used 
successfully in chronic renal insufficiency. Acebutolol is excreted via the G.I. tract, but 
the active metabolite, diacetolol, is eliminated mainly by the kidney. A linear 
relationship exists between renal clearance of diacetolol and creatinine clearance 
(Cle); reduce daily dose of acebutolol by 50% when Cle, is less than 50 mL/min and 
by 959, when it is less than 25 mL/min. Use cautiously in patients with impaired 
hepatic function. 

SECTRAL has been used successfully and without problems in eiderly patients in 
U.S. clinical trials without specific dosage adjustment. However, in the elderly, lower 
maintenance doses may be required because bioavailability of SECTRAL and its 
metabolite are approximately doubled. 

Information for Patients: Warn patients, especially those with evidence of coronary 
artery disease, against interruption or discontinuation of SECTRAL without physician 
supervision. Although cardiac failure rarely occurs in properly selected patients, 
advise patients to consult a physician if signs or symptoms suggestive of impending 
CHF, or unexplained respiratory symptoms, develop. 

Warn patients of possible severe hypertensive reactions from concomitant use of 
a-adrenergic stimulants, e.g., nasal decongestants used in OTC cold medicines and 
nasal drops. 

Clinical Laboratory Findings: SECTRAL, like other B-blockers has been associated 
with development of antinuclear antibodies (ANA). In prospective clinical trials, 
patients receiving SECTRAL had a dose-dependent increase in the development of 
positive ANA titers. Symptoms related to this laboratory abnormality were infrequent. 
Symptoms and ANA titers were reversible upon discontinuation of SECTRAL. 
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Drug Interactions: Catecholamine-depleting drugs may have additive effects when 
given with B-blockers. Observe patients treated with both agents closely for evidence 
of marked bradycardia or hypotension which may present as vertigo, syncope/ 
presyncope, or orthostatic changes in blood pressure without compensatory 
tachycardia. Exaggerated hypertensive responses have been reported from use of 
B-adrenergic antagonists with a-adrenergic stimulants, including those in OTC cold 
remedies and vasoconstrictive nasal drops. Nonsteroidal anti-inflammatory drugs may 
blunt antihypertensive effects of beta-blockers. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral toxicity studies 
in rats and mice, at doses 15 times the maximum recommended (60 kg) human dose, 
did not indicate carcinogenic potential for SECTRAL. Diacetolol, the major metabolite 
in man, was without carcinogenic potential in rats at doses up to 1800 mg/kg/d. 
SECTRAL and diacetolol also had no mutagenic potential in the Ames Test. No 
significant impact on reproductive performance or fertility was found in rats following 
SECTRAL or diacetolol doses of up to 240 or 1000 mg/kg/d, respectively. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: No teratogenic effects were 
seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 and 6.8 times the maximum recommended human 
dose. At this dose in the rabbit, slight fetal growth retardation was noted; this was 
considered to be a result of maternal toxicity (evidenced by reduced food intake, 
lowered rate of body weight gain, mortality). Diacetolol studies (doses up to 450 
mg/kg/d in rabbits and up to 1800 mg/kg/d in rats) showed no evidence of fetal harm 
other than a significant elevation in postimplantation loss with 450 mg/kg/d, a level at 
which food consumption and body weight gain were reduced in rabbit dams; there 
was a nonstatistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 
controlled trials in pregnant women; SECTRAL should be used during pregnancy only 
if potential benefit justifies risk to the fetus. 

Nonteratogenic Effects: Human studies indicate that acebutolol and diacetolol cross 
the placenta. Neonates of mothers who received acebutolol during pregnancy have 
reduced birth weight, decreased blood pressure, and decreased heart rate. 

Labor and Delivery: Effect on labor and delivery in pregnant women is unknown. 
Animal studies have shown no effect of SECTRAL on the usual course of labor and 
delivery. 

Nursing Mothers: Acebutolol and diacetolol appear in breast milk (milk: plasma ratio 
of 7.1 and 12.2, respectively). Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
tended to decrease as treatment duration increases. 

The incidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical trials in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL (N =1002) versus 
placebo (N=314), respectively. 

Cardiovascular: Chest pain 296, 1%; Edema 2%, 1%. CNS: Depression 2%, 196; 
Dizziness 6%, 2%; Fatigue 11%, 4%; Headache 6%, 496; Insomnia 396, 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0%: 
Diarrhea 4%, 1%; Dyspepsia 4%, 1%; Flatulence 3%, 1%: Nausea 4%, 096. 
Genitourinary: Micturition (frequency) 3%, <1%. Musculoskeletal: Arthralgia 2%, 2%: 
Myalgia 2%, 0%. Respiratory: Cough 1%, 096; Dyspnea 4%, 296; Rhinitis 296, «196. 
Special Senses: Abnormal Vision 2%, 0%. 

The following selected (potentially important) side effects were seen in up to 296 of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. CNS: 
anxiety hyper/hypoesthesia, impotence. Skin: pruritus. Gastrointestinal: vomitting, 
abdominal pain. Genitourinary: dysuria, nocturia. Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT, SGPT, LDH). In some cases. 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms have been reported. In some cases, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited) based on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 
months on a constant dose.) 
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400 mg/day 800 mg/day 1200 mg/day 
Body System (N = 132) (N = 63) (N= 71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 
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Potential Adverse Effects: Certain adverse effects not listed above have been 
reported with other B-blocking agents and should be considered as potential adverse 
effects of SECTRAL. 

CNS: Reversible mental depression progressing to catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on neuro- 
psychometrics. 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). Allergic: 
Erythematous rash, fever with aching and sore throat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombocytopenic and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Miscellaneous: Reversible alopecia, Peyronie's disease. The oculomucocutaneous 
syndrome associated with practolol has not been reported with SECTRAL. 

Keep at room temperature, Approximately 25°C (77°F). 
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yen in mild to moderate heart failure, when diuretics and digitalis are not enough" 





ADDING CAPOTEN DOES MORE FOR PATIENTS 
SO THEY CAN DO MORE FOR THEMSELVES.” 


í 


IN HEART FAILURE 


® 


CAPOTEN is contraindicated in patients who are hypersensitive to this product. Angioedema has been reported in patients 
receiving ACE inhibitors. 

CAPOTEN should generally be added to diuretics and digitalis except when digitalis use is poorly tolerated or otherwise not 
feasible; add CAPOTEN when patients have not responded adequately. 

Please see INDICATIONS AND USAGE, CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS in the brief 
summary on the adjacent page. 
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CAPOTEN* TABLETS 
Captopril Tablets 


CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this product or any 


other angiotensin-converting enzyme inhibitor (e.g., a patient who has experienced angioedema during therapy 
with any other ACE inhibitor). 


WARNINGS: Angioedema-Angioedema involving the extremities, face, lips, mucous membranes, tongue, glot- 
tis or larynx has been seen in patients treated with ACE inhibitors, including captopril. If angioedema involves the 
tongue, glottis or larynx, airway obstruction may occur and be fatal. Emergency therapy, including but not nec- 
essarily limited to, subcutaneous administration of a 1:1000 solution of epinephrine should be promptly instituted. 


Neutropenia/Agranulocytosis-Neutropenia (« 1000/mm) with myeloid hypoplasia has resulted from use of cap- 
topril. About half of the neutropenic patients developed systemic or oral Cavity infections or other features of the 
syndrome of agranulocytosis. The risk of neutropenia is dependent on the clinical status of the patient: 


In clinical trials in patients with hypertension who have normal renal function (serum creatinine less than 1.6 
mg/dL and no collagen vascular disease), neutropenia has been seen in one patient out of over 8,600 exposed. 
In patients with some degree of renal failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular 
disease, the risk in clinical trials was about 1 per 500. Doses were relatively high in these patients, particularly 
in view of their diminished renal function. In patients with collagen vascular diseases (e.9., systemic lupus ery- 
thematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of patients in clinical tri 
als. While none of the over 750 patients in formal clinical trials of heart failure developed neutropenia, it has 
occurred during the subsequent clinical experience. Of reported cases, about half had serum creatinine > 1.6 
mg/dL and more than 75% received procainamide. In heart failure, it appears that the same risk factors for neu- 
tropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with myeloid hypoplasia and 
frequently accompanied by erythroid hypoplasia and decreased numbers of megakaryocytes (e.g., hypoplastic 
bone marrow and pancytopenia); anemia and thrombocytopenia were sometimes seen. Neutrophils generally re- 
turned to normal in about 2 weeks after captopril was discontinued, and serious infections were limited to clin} 
cally complex patients. About 13% of the cases of neutropenia have ended fatally, but almost all fatalities were in 
patients with serious illness, having collagen vascular disease, renal failure, heart failure or immunosuppressant 
therapy, or a combination of these complicating factors. Evaluation of the hypertensive or heart failure patient 
should always include assessment of renal function. If captopril is used in patients with impaired renal func- 
tion, white blood cell and differential counts should be evaluated prior to Starting treatment and at approximately 

-week intervals for about 3 months, then periodically. In patients with collagen vascular disease or who are ex- 
posed to other drugs known to affect the white cells or immune response, particularly when there is impaired 
renal function, captopril should be used only after an assessment of benefit and risk, and then with caution. All 
patients treated with captopril should be told to report any signs of infection (e.g., sore throat, fever). If infection 
is suspected, perform white cell counts without delay. Since discontinuation of captopril and other drugs has gen- 
erally led to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil count 
<1000/mm*) withdraw captopril and closely follow the patient's course. 


Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. About 9096 of 
apt ah patients had evidence of prior renal disease or received high doses (>150 mg/day), or both. The 
nephrotic syndrome occurred in about one-fifth of proteinuric patients. In most cases, proteinuria subsided or 
cleared within 6 months whether or not captopril was continued. The BUN and creatinine were seldom altered in 
proteinuric patients. Since most cases of proteinuria occurred by the 8th month of therapy with captopril, patients 
with prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary protein es- 
timates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possible consequence of 
captopril use in salt/volume depleted persons (such as those treated vigorously with diuretics), patients with heart 
failure or those patients undergoing renal dialysis. (See PRECAUTIONS [Drug Interactions].) In heart failure, where 
the blood pressure was either normal or low, transient decreases in mean blood pressure »2096 were recorded 
in about half of the patients. This transient hypotension is more likely to occur after any of the first several doses 
and is usually well tolerated, although rarely it has been associated with arrhythmia or conduction defects. A start- 
ing dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients should be followed closely for the 
first 2 weeks of treatment and whenever the dose of captopril and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY SHOULD 
BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


Fetal/Neonatal Morbidity and Mortality: ACE inhibitors, including CAPOTEN, can cause fetal and neonatal 
morbidity and mortality when administered to pregnant women. 

Captopril crosses the human placenta. When ACE inhibitors have been used during the second and third 
trimesters of pregnancy, there have been reports of hypotension, renal failure, skull hypoplasia, and/or death in 
the newborn. Oligohydramnios has also been reported, presumably representing decreased renal function in the 
fetus; limb contractures, craniofacial deformities, hypoplastic lung development, and intrauterine growth retar- 
dation have been reported in association with oligohydramnios. Patients who do require ACE inhibitors during 
the second and third trimester of pregnancy should be apprised of the potential hazards to the fetus, and fre- 
quent ultrasound examinations should be performed to look for oligohydramnios. If oligohydramnios is observed, 
CAPOTEN should be discontinued unless it is considered life-saving to the mother. 

Other potential risks to the fetus/neonate exposed to ACE inhibitors include: prematurity, patent ductus arte- 
riosus; fetal death has also been reported. It is not clear, however, whether these reported events are related to 
ACE inhibition or the underlying materna! disease. It is not known whether exposure limited to the first trimester 
can adversely affect fetal outcome. 

Infants exposed in utero to ACE inhibitors should be closely observed for hypotension, oliguria, and hyper- 
kalemia. If oliguria occurs, attention should be directed toward support of blood pressure and renal perfusion. 

While captopril may be removed from the adult circulation by hemodialysis, there is inadequate data concerning 
the effectiveness of hemodialysis for removing it from the circulation of neonates or children. Peritoneal dialysis 
is not effective for removing captopril; there is no information concerning exchange transfusion for removing cap- 
topril from the general circulation. 

Captopril was embryocidal in rabbits when given in doses about 2 to 70 times (on a mg/kg basis) the maxi 
mum recommended human dose, and low incidences of craniofacial malformations were seen. These effects in 
rabbits were most probably due to the particularly marked decrease in blood pressure caused by the drug in this 
species. 

Captopril given to pregnant rats at 400 times the recommended human dose continuously during gestation 
and lactation caused a reduction in neonatal survival. 

No teratogenic effects (malformations) have been observed after large doses of captopril in hamsters and rats. 

If CAPOTEN is used during pregnancy or if the patient becomes pregnant while taking CAPOTEN, the patient 
should be apprised of the potential hazard to the fetus. 


PRECAUTIONS: General: Impaired Renal Function-Hypertension-Some hypertensive patients with renal disease, 
particularly those with severe renal artery stenosis, have developed increases in BUN and serum creatinine. It 
may be necessary to reduce captopril dosage and/or discontinue diuretic. For some of these patients, normal- 
ization of blood pressure and maintenance of adequate renal perfusion may not be possible. Heart Failure-About 
20% of patients develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
long-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, required discon- 
tinuation due to progressively increasing creatinine. See DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS 
[Altered Laboratory Findings]. Hyperkalemia: Elevations in serum potassium have been observed in some pa- 
tients treated with ACE inhibitors, including captopril. When treated with ACE inhibitors, patients at risk for the 
development of hyperkalemia include those with: renal insufficiency; diabetes mellitus; and those using concomitant 
potassium-sparing diuretics, potassium supplements or potassium-containing salt substitutes; or other drugs as- 
sociated with increases in serum potassium. (See PRECAUTIONS: Drug Interactions; ADVERSE REACTIONS: 
Altered Laboratory Findings.) Valvular Stenosis-A theoretical concern, for risk of decreased coronary perfusion, 
has been noted regarding vasodilator treatment in patients with aortic stenosis due to decreased afterload re- 
duction. Surgery/Anesthesia-If hypotension occurs during surgery or anesthesia, and is considered due to the 
effects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension-Patients on Diuretic Therapy-Precipitous reduction of blood pressure may oc- 
casionally occur within the 1st hour after administration of the initial captopril dose in patients on diuretics, es- 
pecially those recently placed on diuretics, and those on severe dietary salt restriction or dialysis. This possibility 
can be minimized by either discontinuing the diuretic or increasing the salt intake about 1 week prior to initiation 
of captopril therapy or by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical su- 
pervision for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity-In heart failure patients, vasodilators should be administered with caution. 
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Bo eg Causing Renin Release-Captopril's effect will be augmented by antihypertensive agents that cai 


ease. 

Agents Affecting Sympathetic Activity-The sympathetic nervous system may be especially importan 
porting blood pressure in patients receiving captopril alone or with diuretics. Beta-adrenergic blocking d 
some further antihypertensive effect to captopril, but the overall response is less than additive. There! 
agents affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron blocking age 
caution. 

Agents Increasing Serum Potassium-Give potassium-sparing diuretics or potassium supplements only 
umented hypokalemia, and then with caution, since they may lead to a significant increase of serum po 
Use potassium-containing salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis-Indomethacin and other nonsteroidal anti-inflar 
agents may reduce the antihypertensive effect of captopril, especially in low renin hypertension. 

Lithium-Increased serum lithium levels and symptoms of lithium toxicity have been reported in patients r 
concomitant lithium and ACE inhibitor therapy. These drugs should be coadministered with caution and 
monitoring of serum lithium levels is recommended. If a diuretic is also used, it may increase the risk c 
toxicity. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 to 1350 mc 
in mice and rats failed to show any evidence of carcinogenic potential. Studies in rats have revealed nc 
ment of fertility. 


Pregnancy: Category D: See WARNINGS, Fetal/Neonatal Morbidity and Mortality. 


Nursing Mothers: Concentrations of captopril in human milk are approximately one percent of those ii 
nal blood. Because of the potential for serious adverse reactions in nursing infants from captopril, a decisior 
be made whether to discontinue nursing or to discontinue the drug, taking into account the import 
CAPOTEN to the mother. (See PRECAUTIONS: Pediatric Use.) 


Pediatric Use: Safety and effectiveness in children have not been established. There is limited experit 
ported in the literature with the use of captopril in the pediatric population; dosage, on a weight basis, w 
erally reported to be comparable to or less that that used in adults. 

Infants, especially newborns, may be more susceptible to the adverse hemodynamic effects of cz 
Excessive, prolonged and unpredictable decreases in blood pressure and associated complications, ir 
oliguria and seizures, have been reported. 

CAPOTEN (captopril) should be used in children only if other measures for controlling blood pressu 
not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approximately 7000 ç 

Renal: About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, renal 
nephrotic syndrome, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic: Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, thrombocytoper 
pancytopenia have been reported. 

Dermatologic: Rash, (usually maculopapular, rarely urticarial), often with pruritus, and sometimes wi 
and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and dose), usually during tl 
weeks of therapy. Pruritus, without rash, in about 2 of 100 patients. A reversible associated pemphigoid-like 
and photosensitivity, have also been reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular: Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug Interactions] for 
sion of hypotension with captopril therapy. Tachycardia, chest pain, and palpitations each in about 1 of 
tients. Angina pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart failure each ii 
of 1000 patients. 

Dysgeusia: Approximately 2 to 4 (depending on renal status and dose) of 100 patients developed a din 
or loss of taste perception; taste impairment is reversible and usually self-limited even with continued druc 
to 3 months). 

Angioedema: Angioedema involving the extremities, face, lips, mucous membranes, tongue, glottis o 
has been reported in approximately one in 1000 patients. Angioedema involving the upper airways has 
fatal airway obstruction. (See WARNINGS.) 

Cough: Cough has been reported in 0.5-2% of patients treated with captopril in clinical trials. 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at increa: 
quency compared to placebo or other treatments used in controlled trials: gastric irritation, abdominal pa 
sea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizziness, headache, mr 
fatigue, insomnia, dry mouth, dyspnea, cough, alopecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below by body system. 
setting, an incidence or causal relationship cannot be accurately determined. 


General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident/insufficiency, rhythm disturbances, orthostatic 
tension, syncope. 

Dermatologic: Bullous pemphigus, erythema multiforme (including Stevens-Johnson syndrome), exfoliati 
matitis. 

Gastrointestinal: Pancreatitis, glossitis, dyspepsia. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Jaundice, hepatitis, including rare cases of necrosis, cholestasis, 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 


As with other ACE inhibitors, a syndrome has been reported which may include: fever, myalgia, arth 
interstitial nephritis, vasculitis, rash or other dermatologic manifestations, eosinophilia and an elevatec 

Fetal/Neonatal Morbidity and Mortality: In infants exposed in utero to ACE inhibitors the following adve! 
periences have been reported: fetal and neonatal death, renal failure, hypoplastic lung development, hy 
sion, hyperkalemia, skull hypoplasia, limb contractures, craniofacial deformities, intrauterine growth retart 
prematurity and patent ductus arteriosus (see WARNINGS, Fetal/Neonatal Morbidity and Mortality). 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum potassium, esp 
in patients with renal impairment (see PRECAUTIONS), 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume or salt de 
patients or those with renovascular hypertension may occur. Rapid reduction of longstanding or marked 
vated blood pressure can result in decreases in the glomerular filtration rate and, in turn, lead to increases i 
or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum bilirubin have occ 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. infusion of n 
saline is the treatment of choice for restoration of blood pressure. 

While captopril may be removed from the adult circulation by hemodialysis, there is inadequate data conct 
the effectiveness of hemodialysis for removing it from the circulation of neonates or children. Peritoneal di 
is not effective for removing captopril; there is no information concerning exchange transfusion for removin: 
topril from the general circulation. 
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Usefulness of Parental Serum Total Cholesterol 
Levels in Identifying Children with 





Hypercholesterolemia 


Irwin Benuck, MD, PhD, Samuel S. Gidding, MD, Mark Donovan, 
Edward S. Traisman, MD, and Howard S. Traisman, MD 


It was hypothesized that healthy children with 


high cholesterol levels may have parents who ex- 
ceed acceptable cholesterol levels established by 
the National Cholesterol Education Program. One 
hundred sixty families (320 parents, 263 children 
aged 3 to 10 years) were evaluated for total cho- 
lesterol and other risk factors. Before the study, 
almost half of the parents had not had serum total 
cholesterol measured. The odds ratio for a child 
having a total cholesterol >5.17 mmol/liter (200 
mg/dl) was 13.6:1 (confidence interval 5.7 to 
32.5) for a child with at least 1 parent having cho- 
lesterol 76.20 mmol/liter (240 mg/dl) versus a 
child whose parents had low total cholesterol. 
Testing only children who had at least 1 parent 
with a total cholesterol 25.17 mmol/liter (200 
mg/dl) had a sensitivity of 98% for detecting chil- 
dren's total cholesterol >5.17 mmol/liter. It is 
concluded that parental total cholesterol is useful 
in identifying children with high total cholesterol 
levels. Pediatricians may identify a large number 
of parents with hypercholesterolemia not previ- 
ously recognized. 

(Am J Cardiol 1992;69:713-717) 


From the Children’s Memorial Hospital, Northwestern University 


Medical School, Chicago, Illinois. This study was supported in part by 
the Frieda Stone Heart Fund, Highland Park, Illinois, and the Chil- 
dren's Memorial Institute for Research and Education, Chicago, Illi- 
nois. Dr. Gidding is a member of the Feinberg Cardiovascular Research 
Institute, Chicago, Illinois. Manuscript received September 3, 1991; 
revised manuscript received November 22, 1991, and accepted Novem- 
ber 30. 

Address for reprints: Samuel S. Gidding, MD, Division of Cardiolo- 
gy #21, Children's Memorial Hospital, 2300 Children's Plaza, Chica- 
go, Illinois 60614. 


likely to have elevated total cholesterol levels as 
adults.!-? In an effort to establish guidelines for 
identifying hypercholesterolemia in children, the Na- 
tional Cholesterol Education Program (NCEP) pediat- 
ric panel has suggested that children with a family 
history of heart disease, family history of hypercholes- 
terolemia or parental serum total cholesterol 26.20 
mmol/liter (240 mg/dl) be evaluated. Several studies 
have challenged this statement as being too restrictive, 
concluding that many children with hypercholesterol- 
emia would be excluded from screening.^* Today, there 
is a lack of uniform strategy among pediatricians to 
identify children at risk for elevated cholesterol as 
adults.?.!0 
To determine children at risk for elevated cholesterol 
in a private pediatric office, we evaluated a variety of 
familial risk factors including parents' serum total cho- 
lesterol to identify preadolescent children who should be 
evaluated for hypercholesterolemia. We hypothesized 
that children with high cholesterol would have parents 
who exceed acceptable cholesterol concentration estab- 
lished by the NCEP.!! In addition, we hypothesized 
that comprehensive family screening rather than assess- 
ment of individual children's total cholesterol would be 
beneficial in identifying children and parents with hy- 
percholesterolemia. 


(Cs with elevated total cholesterol levels are 


METHODS 

Subjects: We asked 180 biologic families to enter 
the study, and complete data were obtained on 160 fam- 
ilies with 263 children between the ages of 3 and 10 
years. Data from these 160 families are included in this 
report. All were Caucasian. Children were identified at 
routine pediatric visits. Only parents and children who 
were in good health were allowed entry. Pregnant wom- 
en or any subjects with chronic illness, diabetes, renal or 
liver disease were excluded from participation because 
of possible effects of these conditions on lipid levels.'? 
Participants were recruited between June and Novem- 
ber 1989 from a single group pediatric practice. 

Questionnaire: A questionnaire was completed by 
both parents which asked about personal and family 
risk factors. Information was sought regarding prior 
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TABLE | Demographic Information on Participating Families 


Father 
No. of subjects 160 
Age (yr) (range) 38 + 5 (27-61) 


Total cholestero! (mmol/liter) (range) 


Body mass index (kg/m?) (range) 25 + 3(18-37) 

Family history of CAD (95) 48.8 

Family history of elevated total choles- 36.6 
terol (96) 

Tobacco use (%) 11.9 

No prior TC screen (96) 43 


Values are mean + standard deviation. 
CAD = coronary artery disease; TC = total cholesterol. 


cholesterol testing of each parent, parental smoking, 
family history of coronary artery disease (angina, myo- 
cardial infarction, coronary bypass surgery or sudden 
cardiac death) and family history of elevated total cho- 
lesterol or use of a lipid-lowering medication. A positive 
family history of coronary artery disease was defined as 
a positive response for that parent or a first-degree rela- 
tive of either parent. A positive family history of elevat- 
ed total cholesterol was defined as a report of total cho- 
lesterol 25.17 mmol/liter (200 mg/dl) in the parent or 
a first-degree relative of the parent. 

Clinical assessment: All subjects were weighed and 
measured using office scales. Body mass index (weight 
[kg]/height [m?]) was calculated for each subject. 
Nonfasting blood specimens were obtained by finger 
stick. Freely flowing capillary blood was collected in a 
commercially available collection tube (Norfolk Scien- 
tific Collection Tube no. CH03). The tube was shaken 
immediately to allow mixture with lithium heparin and 
centrifuged 3 minutes. Total cholesterol was ana- 
lyzed by a dry chemistry enzymatic method (Ektachem 
DT-60, Eastman Kodak Company, Rochester, New 
York). The machine was left stationary throughout the 
study. Trained laboratory technicians (n = 2) analyzed 
all samples and evaluated control samples daily to in- 
sure proper calibration. 

To assure accuracy of finger stick measurements, ve- 
nous samples were determined in approximately every 
tenth subject. Blood was first allowed to clot before cen- 
trifugation for 5 to 10 minutes. Serum was stored at 
between 4° to 6°C before transport to a Center for Dis- 
ease Control standardized commercial reference labora- 
tory (Smith-Kline Laboratories). 

Data analysis: Descriptive characteristics for the 
study sample and pertinent subgroups were determined. 
Linear regression analysis was used to establish a corre- 
spondence between finger stick and venous cholesterol. 
Families were grouped according to the highest NCEP 
class of the parents: low = both parents had serum total 
cholesterol <5.17 mmol/liter (200 mg/dl); borderline 
high = the parent with the highest cholesterol had bor- 
derline high cholesterol (5.17 mmol/liter [200 mg/dl] 
< total cholesterol «6.20 mmol/liter [240 mg/dl]); 
high = at least 1 parent had total cholesterol 26.20 
mmol/liter (240 mg/dl). Children were subgrouped and 
assigned to 1 of 3 groups: total cholesterol «4.39 mmol / 
liter (170 mg/dl); 4.39 mmol/liter (170 mg/dl) < total 
cholesterol «5.17 mmol/liter (200 mg/dl); and total 


5.37 + 1.8 (3.54-8.48) 


YT TW p aia 
ji ^ . 


Mother Children 
160 263 (149M/114F) 
36 + 4 (25-47) 5.7 € 2.1:(3-10) 

5.01 + 0.9 (2.53-7.73) 4.50 + 0.8 (2.71-8.40) 
23 + 4(17-37) 15.8 + 2 (10.4-25.3) 
51 71 
33.1 53 
8.1 

54 


cholesterol 25.17 mmol/liter (200 mg/dl). These v: 
ues correspond to the Pediatric NCEP cut points f 
classification of risk. For bivariate relations betwei 
categorical variables, Kendall's rz was used as a me 
sure of association for 3 X 3 tables, and rc was used f 
2 X 3 tables. Additionally, continuous relationships b 
tween children's cholesterol, children's body mass inde 
parental cholesterol and parental body mass index we 
assessed by correlation analysis.!^ 

Significant associations were used to construct a li 
gistic model to predict relationships between parent 
variables and children’s cholesterol. The model used lii 
ear scoring for parental NCEP class. Odds ratios we 
calculated from a logistic model that included only p: 
rental NCEP class as a predictor of children's choleste 
ol. The model assumed that given parental cholester: 
values, knowing the cholesterol of other children carri 
no additional information for the sibling being testet 
This is consistent with the known autosomal dominar 
pattern of inheritance of many lipid disorders.!? Ther 
did not appear to be any asymmetry of risk based o 
which parent was higher. The children's cholesterol va 
ues were handled in 2 ways: with each child considere 
separately and weighted according to the size of th 
family (if there was 1 child, that child contributed a fu 
weight; if 2 children, each contributed a half weight 
and so forth). This corrects for the potential bias from ; 
small number of families with several children. 

Further analyses of variance were then based on par 
ents' and children's classifications. Finally, chi-squar 
analyses were performed to determine which parenta 
risk factors were more likely to be associated with par 
ents having previously undergone cholesterol testing. 


RESULTS 

Participants in the study were predominantly middk 
class. Baseline data are presented in Table I. Distribu. 
tion of total cholesterol, body mass index, family history 
of myocardial infarction, and family history of elevatec 
total cholesterol were similar to previously reportec 
studies? 7515.16 There was a relatively low prevalence oi 
smoking among parents, consistent with the relatively 
high socioeconomic status of this population. The rela- 
tionship between venous and finger stick samples is 
shown in Figure 1, and demonstrates good reliability of 
the finger stick technique. 

The distribution of total cholesterol levels in the chil- 
dren is in agreement with recently published studies 
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from general pediatric practices and slightly higher than 
values from the Lipid Research Clinics (Figure 2).315-18 
Of the fathers, 46 (28.8%) had borderline high choles- 
terol (5.17 to 6.19 mmol/liter [200 to 239 mg/dl]) and 
36 (22.5%) had elevated cholesterol (26.20 mmol/liter 
[240 mg/dl]). Of the mothers, 52 (32.5%) had border- 
line high and 11 (6.9%) had elevated cholesterol. 

Bivariate analyses: The bivariate correlation coeffi- 
cients for continuous variables showed significant rela- 
tionships for children's total cholesterol with both fa- 
thers’ (r = 0.32) and mothers’ (r = 0.30) total cholester- 
ol. There was a weakly significant relationship between 
the child’s body mass index and both fathers’ (r = 0.16) 
and mothers’ (r = 0.15) body mass index. There were 
no significant correlations between mother and father 
for any variable. Significant relationships for categori- 
cal variables were obtained between children’s choles- 
terol classification (total cholesterol <4.39 mmol/liter 
[170 mg/dl], 4.39 mmol/liter [170 mg/dl] < total cho- 
lesterol <5.17 mmol/liter [200 mg/dl]; total cholesterol 
>5.17 mmol/liter [200 mg/dl]) and either parent's 
NCEP class (p <0.002), history of myocardial infarc- 
tion (p <0.03) and history of elevated cholesterol (p 
<0.01). 

Multivariate analyses and analyses relating chil- 
dren’s cholesterol to familial National Cholesterol Edu- 
cation Program class: The logistic models for categori- 
cal variables found that paternal and maternal total 
cholesterol 25.17 mmol/liter (200 mg/dl) best predict- 
ed children's cholesterol classification (Table II). Ma- 
ternal family history variables were of marginal signifi- 
cance and paternal family history variables were not in 
the model. Thus, in a multivariate model, measurement 
of parental cholesterol is a more powerful predictor of 
children's cholesterol than most family history variables. 

Children's cholesterol values and odds ratios for hav- 
ing elevated cholesterol based on familial NCEP classi- 
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FIGURE 1. The correlation between venous (x axis) and finger 
stick (y axis) cholesterol is shown. The slope is close to 1 and 


the Y intercept is 1.3 making the equation close to the line of 
identity. SEE — standard error of the estimate. 





TABLE II Logistic Model to Assess Categorical Variables in the 
Identification of Children with Total Cholesterol > 5.17 
mmol/liter (200 mg/dl)* 


Parameter Standard 
Estimate Error Value 


Each Child Considered Separately 


Increase in parental NCEP class 1.31 

Maternal family history for ele- 0.65 
vated cholesterol 

Maternal family history for coro- 
nary artery disease 

Constant —2.01 


Each Family Considered Separately 


Increase in parental NCEP class 0.36 0.0002 

Maternal family history for ele- 0.50 ~ 0.20 
vated cholesterol 

Maternal family history for coro- 
nary artery disease 

Constant 


0.89 


0.53 0.05 


*The upper panel lists values when each child is considered separately; the lower 
panel lists values when each family is considered separately. 

Not in the model: parental smoking, parental and child body mass index, paternal 
family history variables. 

NCEP = National Cholesterol Education Program. 





fication are listed in Table III. In families where both 
parents had total cholesterol «5.17 mmol/liter (200 
mg/dl), children’s total cholesterol was significantly 
lower than all higher familial NCEP class groupings. 
Similarly, the odds ratio for having a child with a total 
cholesterol either 24.39 mmol/liter (170 mg/dl) or 
75.17 mmol/liter (200 mg/dl) was significantly higher 
when at least 1 parent had total cholesterol 25.17 
mmol/liter (200 mg/dl) than when both parents had 
total cholesterol «5.17 mmol/liter (200 mg/dl). The 
odds ratios were highest when 1 parent had total choles- 
terol 26.20 mmol/liter (240 mg/dl). When we incorpo- 
rated family history variables, in addition to parental 


Number of Children 


ol/L (mg/dl) 





FIGURE 2. The distribution of total cholesterol values for the 
children in this study is shown. 
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TABLE Ili Mean Cholesterol Values and Odds Ratios for 
Likelihood of a Child Having Elevated Cholesterol Based on 
Parental NCEP Classification 


Parental Classification 


Borderline 
High 


No. of children 108 
TC (mmol/liter) (mg/dl) 4.08 + 0.06* 4.57 + 0.07 4.81 + 0.09 
(158-25) (176-27) (186 + 33) 
Odds ratio for a child hav- l 2.1 4.2 
ing TC > 4.39 mmol/ (referent) (1.3,3.4) (2.3,7.8) 
liter (170 mg/dl) vs L 
Odds ratio for a child hav- l 3.7 13.6 


ing TC 2 5.17 mmol/ (referent) (1.7,8.0) (5.7,32.5) 
liter (200 mg/dl) vs L 


No. of families 50 66 44 
TC mmol/liter (mg/dl) 4.08 + 0.07* 4.62 + 0.07 4.89 + 0.09 
(158+ 26) (178 + 28) (189 + 34) 
Odds ratio for a child hav- l 2.1 4.5 
ing TC 2 4.39 mmol/ (referent) (1.1,4.2) (1.9,10.4) 
liter (170 mg/dl) vs L 
Odds ratio for a child hav- l 3.9 15.1 
ing TC 2 5.17 mmol/ (referent) (1.6,9.3) (6.0,38) 


liter (200 mg/dl) vs L 

*p «0.05 versus all other groups. 

In upper panel, each child is considered individually; in lower panel, the data are 
presented by family. Values are mean + standard deviation; odds ratios are presented 
with confidence intervals. 


L = both parents have TC «5.17 mmol/liter (200 mg/dl); NCEP = National 
Cholesterol Education Program; TC = total cholesterol. 


cholesterol classification, the models were minimally 
improved. Results were similar when children were con- 
sidered individually and by family. 

Sensitivity and specificity data for 3 screening strat- 
egies are presented in Table IV. These data suggest that 
if screening was restricted to families where at least 1 
parent had total cholesterol =5.17 mmol/liter (200 
mg/dl), sensitivity would be extremely high for detect- 
ing children with cholesterol 25.17 mmol/liter (200 
mg/dl). Screening based on parental cholesterol 26.20 
mmol/liter (240 mg/dl) was more efficient but less sen- 
sitive. Screening on the basis of family history alone 
would screen more children and be less sensitive. 

Only half the parents in this study had previously 
had cholesterol tested and no parent had experienced 
coronary artery disease morbidity. Cholesterol was simi- 
lar among tested and untested parents (untested par- 
ents: 5.14 + 0.98 mmol/liter; tested parents: 5.25 + 
0.96 mmol/liter, value + SD). Three risk factors pre- 
dicted an increased likelihood of prior cholesterol 
testing, family history of coronary artery disease (p 
<0.002), family history of elevated total cholesterol 
(p = 0.06), and older age (p <0.03). Sex, smoking and 
body mass index did not appear to be associated with 
prior testing. Of parents with either borderline high or 
elevated total cholesterol, 45% would not have been rec- 
ognized if they had not participated in this family-based 
screening. 


DISCUSSION 
This study evaluated the relation between parental 
and children’s total cholesterol in a suburban group pe- 
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TABLE IV Success Rates for Identifying Children with Total 
Cholesterol > 5.17 mmol/liter (200 mg/dl) Using Three 
Prescreening Strategies 


Screen Based 


on Positive 
Screen of Family History 
All Parental Screen of of High 
Classes Only Parental ^ Cholesterol 
Except L Class H or CAD 
% Screened 72 27.5 81 
Sensitivity 0.98 0.52 0.93 
Specificity 0.33 0.77 » 0:21 
Positive predictive value 0.21 0.30 0.17 
Negative predictive value 0.98 0.90 0.94 


CAD = coronary artery disease; H = one parent has total cholesterol » 6.20 
mmol/liter (240 mg/dl); L = both parents have total cholesterol «5.17 mmol/liter 
(200 mg/dl). 


diatric practice. Measurement of parental cholesterc 
was more efficient than family history of coronary at 
tery disease or hypercholesterolemia as a prescreenin 
tool. Children most at risk for elevated cholesterol had 
or both parents classified as borderline high or elevate: 
according to the NCEP. Children whose parents wer 
both at low risk had significantly lower cholesterol tha: 
all other groups of children, and much lower odds o 
having total cholesterol either 24.39 mmol/liter (17 
mg/dl) or 25.17 mmol/liter (200 mg/dl). Materna 
family history variables marginally improved the model 
whereas assessment of body mass index did not. / 
screening strategy restricted to those children in whon 
at least 1 parent had total cholesterol 25.17 mmol/lite 
(200 mg/dl) would be highly sensitive. Screening ac 
cording to parental cholesterol 26.20 mmol/liter (24 
mg/dl) would be efficient (screening 27.5% of the popu 
lation with high specificity) but would not be very sensi 
tive.° 

Our study has shown that positive family history ap 
pears to be a strong motivator for parents to underg 
cholesterol testing. Furthermore, parents were quit 
willing to bring their children to have their cholestero 
tested even if they themselves had not been tested 
Many parents either have not been tested or are toc 
young to experience coronary artery disease morbid: 
ity.!? Epidemiologic studies have shown that there is < 
much higher risk of coronary events in the families oj 
children with elevated cholesterol. Conversely, chil. 
dren of young adults with myocardial infarction have 
significant lipid abnormalities.?!-? Although our study 
is useful for identifying elevated cholesterol in childrer 
and parents who use primary care physicians on a regu- 
lar basis, this strategy is not generalizable to the entire 
United States population. Specifically, children whc 
have limited access to care or who come from single 
parent families or who are adopted would not meet the 
guidelines of our study. Alternative approaches to risk 
factor assessment in these populations should be devel- 
oped.*4 A second limitation of this study is that only a 
single measurement of cholesterol was obtained in all 
subjects. Because of day-to-day variability, a single 
measurement may be unreliable. However, a single 
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measurement may be all that is achievable in the office 
setting given compliance and financial considerations. 
Because tracking of children's cholesterol is imprecise, 
multiple measurements over time are recommended to 
firmly establish the diagnosis of hypercholesterolemia.?6 

As a result of this study, we recommend that pediat- 
ric health care providers routinely screen parents of 
children in their practices for total cholesterol. Con- 
versely, internists should screen biologic relatives of 
their patients with total cholesterol 26.20 mmol/liter 
(240 mg/dl). Screening on the basis of high parental 
cholesterol (26.20 mmol/liter [240 mg/dl]) alone is an 
efficient strategy and identifies half the children with 
total cholesterol 25.17 mmol/liter (200 mg/dl). Lower- 
ing the cut point for parental cholesterol to 25.17 
mmol/liter (200 mg/dl) lowers efficiency but is very 
sensitive. Family history alone is an inefficient screening 
criteria.9-? 
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CORONARY ARTERY DISEASE 


Stability Over Time of Heart Period Variability in 
Patients with Previous Myocardial Infarction and 
Ventricular Arrhythmias 


J. Thomas Bigger, Jr., MD, Joseph L. Fleiss, PhD, Linda M. Rolnitzky, MS, 
and Richard C. Steinman, AB, with data contributed by the CAPS and ESVEM Investigators 


To determine the reproducibility of frequency do- 


main measures of heart period variability in pa- 
tients with previous myocardial infarction, 2 ran- 
dom samples of 40 patients each (1 from the Car- 
diac Arrhythmia Pilot Study [CAPS] [unsustained 
ventricular arrhythmias], and 1 from the Electro- 
physiologic Studies Versus Electrocardiographic 
Monitoring [ESVEM] [sustained ventricular ar- 
rhythmias] trial) were studied. For each patient, 
two 24-hour continuous electrocardiographic re- 
cordings were analyzed, and the average normal 
RR interval, total power and 4 components of to- 
tal power were calculated. Group means and stan- 
dard deviations for each sample were virtually 
identical for the pairs of 24-hour recordings. Fur- 
thermore, measurements for individual patients 
were stable from day to day, as measured by the 
intraclass correlation coefficients and the stan- 
dard errors of measurement. Reproducibility of 
heart period variability measurements is excellent 
in patients with previous myocardial infarction 
and ventricular arrhythmias, and is comparable to 
the high stability previously found in a small group 
of normal subjects. The stability of measures of 
heart period variability facilitates distinguishing 
real changes due to progression or regression of 
cardiac disease or to drug effects from apparent 
changes due to random variation. 

(Am J Cardiol 1992;69:718-723) 
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rate variability is a noninvasive technique witl 

the potential to quantify autonomic nervous sys 
tem activity.'* Furthermore, time and frequency do- 
main measures of heart period variability predict deatt 
after myocardial infarction independently of ventriculai 
arrhythmias and measures of left ventricular dysfunc- 
tion.^$ Thus, measurement of heart period variability in 
patients with previous myocardial infarction has the po- 
tential to improve the identification of high-risk patients 
and to clarify the role of the autonomic nervous system 
in the pathophysiology of cardiac death. However, day- 
to-day variation of measures of heart period variability 
could diminish its value for risk stratification in patients 
with previous myocardial infarction. Most Holter vari- 
ables (e.g., atrial or ventricular arrhythmias, or episodes 
of ST depression) occur sporadically and show dramatic 
variability from day to day."-!6 In contrast, Kleiger et 
al'’ found that measures of heart period variability (cal- 
culated for a 24-hour period in 14 normal subjects) 
were remarkably stable. This finding was unexpected 
because heart period variability reflects autonomic ner- 
vous system activity that we expected would show con- 
siderable day-to-day variability. If measures of heart 
period variability also are stable from day to day in pa- 
tients with heart disease, it will facilitate their use for 
predicting death or arrhythmic events, as well as for in- 
dicating response to treatment. Therefore, we measured 
the concordance between two 24-hour electrocardio- 
graphic recordings obtained in 2 groups of patients with 
previous myocardial infarction: (1) a group with unsus- 
tained ventricular arrhythmias, and (2) one with sus- 
tained ventricular arrhythmias and a severe decrease in 
left ventricular ejection fraction. Our hypothesis was 
that day-to-day variability would be greater in both of 
these groups of patients with heart disease than that in 
a small group of normal subjects, because we expected 
greater lability in the patients. 


PU domain analysis of heart period or hear! 


METHODS 

Study subjects: To evaluate day-to-day reproduc- 
ibility of heart period variability in patients with poten- 
tially malignant ventricular arrhythmias, we analyzed 
24-hour tapes from a random sample of 40 patients in 
the placebo group of the Cardiac Arrhythmia Pilot 
Study (CAPS).!5/? For each patient, two 24-hour con- 
tinuous electrocardiographic recordings were obtained 
7.9 + 2.4 days apart (range 5 to 15), 1 year after myo- 
cardial infarction. Both recordings were obtained while 
the patient was not receiving antiarrhythmic drugs. 
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To evaluate the day-to-day reproducibility of heart 
period variability in patients with malignant ventricular 
arrhythmias, we studied a random sample of 40 patients 
from the 1,532 who were clinically eligible for the Elec- 
trophysiology Study Versus Electrocardiographic Moni- 
toring (ESVEM) trial*°; each had documented sponta- 
neous sustained ventricular tachycardia or ventricular 
fibrillation. Two 24-hour baseline tapes recorded 1.2 + 
0.7 days apart (range 1 to 4) while patients were off 
antiarrhythmic drug treatment were available for each 
patient. The 8 patients in our sample who did not enroll 
in ESVEM had some baseline data missing. 

The CAPS and ESVEM samples permitted us to 
estimate and compare the reproducibility of various fre- 
quency domain measures of heart period variability in 2 
groups of patients with previous myocardial infarction, 
1 with unsustained ventricular arrhythmias detected by 
screening Holter recordings, and the other with symp- 
tomatic, sustained ventricular arhythmias. 

Analysis of twenty-four-hour recordings: For this 
study, all 24-hour continuous electrocardiographic re- 
cordings were processed by the Research Holter Labo- 
ratory at Columbia University to calculate various fre- 
quency domain measures of heart rate or heart period 
variability. The 24-hour recordings were digitized at 
128 samples/second by a Marquette 8000 scanner, and 
submitted to the standard Marquette algorithms for 
QRS labeling and editing (version 5.7 software). Then, 
the data files were transferred by high-speed link from 
the Marquette scanner to a Sun workstation where a 
second stage of editing was performed (using algorithms 
developed at Columbia University) to find and correct 
any remaining errors in QRS labeling that may ad- 
versely affect measurement of heart period variability. 
For a tape to be eligible for this study, it had to have 
>12 hours of analyzable data and have at least half of 
the nighttime (0000 to 0500 hours) and daytime (0730 
to 2130 hours) periods analyzable. Patients whose basic 
rhythm was not sinus were excluded. 

Time series analysis of normal RR intervals: After 
the second stage of editing, and review of the results by 
a cardiologist, the heart period power spectrum was 
computed over a 24-hour interval using methods devel- 
oped at the Massachusetts Institute of Technology.?'? 
Our adaptation of the method was described by Rott- 
man et al.” First, a regularly spaced time series was 
derived from the normal RR intervals. For each 24- 
hour electrocardiographic recording, 2!5 points were 
sampled; the sampling interval was 329 ms for a record- 
ing exactly 24 hours long. A “boxcar” low-pass filter 
with a window twice the sampling interval was then ap- 
plied. Gaps in the time series resulting from noise or 
ectopic beats were filled in with linear splines.? A fast 
Fourier transform was computed, and the resulting 
power spectrum was corrected for the attenuating ef- 
fects of both the filter and sampling.” The effective fre- 
quency range for this method is from 1.1574 X 1075 to 
20.40 Hz (periods of seconds to hours). 

Frequency domain measures of heart period vari- 
ability: Finally, frequency domain measures of heart pe- 
riod variability were computed by integrating over their 
frequency intervals. We emphasized the frequency do- 


main variables in this study, because they compose a 
mutually exclusive, all-inclusive categorization of heart 
period variability. From 24-hour heart period power 
spectra, we calculated power within 4 frequency bands: 
(1) «0.0033 Hz, ultra low-frequency power; (2) 0.0033 
to «0.04 Hz, very low-frequency power that shows a 
fractional increase in patients with congestive heart fail- 
ure^^ and is the lowest frequency band that can be esti- 
mated by our 5-minute method??; (3) 0.04 to «0.15 Hz, 
low-frequency power that reflects changes in sympa- 
thetic or parasympathetic tone modulated substantially 
by baroreflex activity; and (4) 0.15 to 0.40 Hz, high- 
frequency power, a specific measure of vagal tone that 
is modulated primarily by breathing.?9?7 

Statistical methods: Before analysis, we log-trans- 
formed the power values because their distributions 
were strongly skewed toward large values. All infer- 
ences were based on analyses of log transformed data. 
All other variables were analyzed as measured. To eval- 
uate the day-to-day reproducibility of measures of heart 
period variability, the data from the two 40-patient 
samples were analyzed by means of 1-way random ef- 
fects analyses of variance.*® Patients defined the ran- 
dom factor, with 2 times of measurement for each. 
Components of variance due to differences between pa- 
tients and to day-to-day differences within patients were 
calculated, and the intraclass correlation coefficient and 
the standard error of measurement (SEM) were ob- 
tained.?9?-?! 

For each variable, a paired t test was used to com- 
pare the mean measurement on the first recording with 
that on the second recording. Independent sample t tests 
were used to compare means for different groups of 
subjects. We used the intraclass correlation coefficient 
to measure the degree of agreement between the 2 mea- 
surements in individual patients. This statistic is a mea- 
sure of intrasubject reproducibility; it is the fraction of 
person-to-person variance of observed measurements 
that is due to the variance of steady-state values (the 
remaining fraction represents lability or measurement 
error). 

SEM (another measure of intrasubject reproduci- 
bility) is the square root of the error mean square from 
the analysis of variance and has the following 2 uses 
(among others): (1) If x denotes a subject's measured 
value on 1 of the variables and if the measurements are 
normally distributed, then one can be 95% confident 
that the subject's underlying steady-state value is within 
the interval x + 1.96 SEM. (2) Suppose one is studying 
change and wishes to specify limits beyond which one 
may be confident that a real change has occurred. The 
standard error of the difference between 2 measure- 
ments is SEM times the square root of 2, or 1.41 SEM. 
If one is willing to tolerate a 5% risk of falsely declaring 
a real change to have occurred (when in fact none has 
occurred), the required limits are +1.96 X 1.41 SEM or 
approximately + 3 SEM. 

SEMs from the 3 samples of subjects (CAPS, 
ESVEM and a sample of normal subjects)!" were com- 
pared using Bartlett's test for the homogeneity of vari- 
ances that has a chi-square distribution with 2 degrees 
of freedom.?? For testing in the CAPS sample whether 
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TABLE I Patient Characteristics at Time of Holter Recordings 
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Age (yr) 
Male sex 
Qualifying arrhythmia 







Unsustained ventricular 
arrhythmia 






functional class 



























CAPS 
(n = 40) 





59 +11 
34/40 (85%) 


40/40 (100%) 


Canadian Cardiovascular Society 


38/40 (95%) 


ESVEM 
(n = 40) 





61+13 
34/40 (85%) 


Sustained ventricular 0/40 (0%) 29/40 (73%) 
tachycardia 
Ventricular fibrillation 0/40 (0%) 11/40 (28%) 


0/40 (0%) 


5/31 (16%) 


I 1/40 (3%) 17/31 (55%) 
Hl 1/40 (3%) 8/31 (26%) 
IV 0/40 (0%) 1/31 (396) 
Rales 2/39 (596) 7/32 (22%) 
S3 gallop 0/39 (0%) 6/32 (19%) 
Pulmonary vascular con- 2/34 (6%) 8/30 (27%) 
gestion on x-ray 
Average LV ejection frac- 0.46 + 0.12 0.34 + 0.16 
tion 
LV ejection fraction 2/40 (5%) 12/26 (46%) 
« 0.30 
Ventricular arrhythmias 
on Holter 
Mean VPC frequency/ 42 + 90 237 + 283 
hour 
Median VPC frequency/ 18 125 
hour 
VPC frequency > 10/ 28/40 (70%) 35/40 (88%) 
hour 
Unsustained ventricular 10/40 (25%) 30/40 (75%) 
tachycardia 
Medications 
Digitalis 7/40 (18%) 15/40 (38%) 
Diuretics 12/40 (30%) 15/40 (38%) 
B-adrenergic blockers 20/40 (50%) 7/40 (18%) 
Calcium antagonists 16/40 (40%) 14/40 (35%) 
Nitrates 13/40 (33%) 19/40 (48%) 
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Some baseline data were missing in 8 patients who were eligible for ESVEM, but did 
not enroll. 

CAPS = Cardiac Arrhythmia Pilot Study; ESVEM = Electrophysiologic Studies 
Versus Electrocardiographic Monitoring trial; LV — left ventricular; VPC — ventricular 
premature complex. 







SEM based on recordings obtained close together dif- 
fered significantly from that based on recordings ob- 
tained further apart, the square of the ratio of SEMs 
was referred to an F distribution with its pair of degrees 
of freedom equal to the numbers of patients in the 2 
subgroups.?? 


RESULTS 

Table I compares the patient characteristics in the 2 
random samples from CAPS and ESVEM. Age and sex 
were similar for the 2 samples. However, there were siz- 
able differences between the 2 groups on clinical vari- 
ables. All ESVEM patients had an episode of sustained 
ventricular arrhythmia to qualify for the study, whereas 
such arrhythmias excluded patients from CAPS. The 
average left ventricular ejection fraction was much low- 
er and the proportion of patients with an ejection frac- 
tion «0.30 was much greater in the ESVEM group. 
The average ventricular premature complex frequency 
and the proportion of the group with unsustained ven- 





tricular tachycardia were also greater in the ESVEN 
group. More ESVEM patients received digitalis or di 
uretics and fewer received -adrenergic blocking drugs 
In the CAPS tape set, 73 of 80 tapes (91%) had 2:909 
normal RR intervals, and 100% of tapes had 2709 
compared with 58 and 94%, respectively, in th 
ESVEM tape set. 

It is clear from the measures of arrhythmia severity 
deficit in left ventricular function, and profile of dru; 
therapy that the ESVEM group is much sicker than th 
CAPS group. We compared the averages of the log 
transformed heart period variability values in the 7 
recordings for the CAPS group with those for the 
ESVEM group. Total power and each of its component: 
were lower in the ESVEM than in the CAPS grouy 
(Table II). However, the magnitude of reduction wa: 
especially large for total and ultra low-frequency power 
the values in the ESVEM group were 51 and 56%, re- 
spectively, of the values in the CAPS group (p «0.001 
by independent sample 1 tests). The magnitude of re- 
duction was much smaller for very low-, low- and high- 
frequency powers, where the values in the ESVEM 
group were 78, 90 and 80%, respectively, of those found 
in the CAPS group (p «0.01, «0.05, and not signifi- 
cant, respectively, by independent sample £ tests). The 
range of values for measures of heart period variability 
was greater in the ESVEM than in the CAPS group, as 
shown by larger standard deviations despite lower mean 
values. The larger range in the ESVEM group is graph- 
ically demonstrated in Figure 1 for 2 measures (high- 
frequency and total powers). 

Table II shows that there were no significant differ- 
ences between the 2 recording sessions in either group. 
Remarkably, the 2 sets of mean values that describe the 
2 recordings were almost identical within the ESVEM 
and CAPS groups. Graphic examples of the paired 
measures for total and high-frequency powers are 
shown in Figure 1. Agreement between the two 24-hour 
recordings is evident. Furthermore, the graphs show 
that the agreement of paired measurements is better in 
the ESVEM than in the CAPS group (regression lines 
are closer to the lines of identity, and correlation coeffi- 
cients are larger). 

To explore the cause of greater day-to-day stability 
in the ESVEM than in the CAPS group, we evaluated 
the effect of time between recording, and spread of val- 
ues for the measures of heart period variability in the 
CAPS group, where recordings were obtained 5 to 15 
days apart. We divided the patients into those that had 
recordings <7 (n = 30) and >7 (n = 10) days apart. 
There were no differences between the 2 groups in 
SEM, suggesting that time between recordings (1 day) 
may not be the factor responsible for greater day-to-day 
stability in the ESVEM group. Unfortunately for cur- 
rent purposes, not enough ESVEM patients had Holter 
recordings obtained >1 day apart to ascertain how 
SEM varied as a function of the number of days be- 
tween recordings (1 vs »1). 

Mean values for a group can be similar even though 
replicate observations in individuals vary substantially. 
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TABLE If Means and Standard Deviations of Replicate Measurements of Normal RR Intervals and Measures of Heart Period 





Variability* 
CAPS (n = 40) ESVEM (n = 40) 
DE ie tes ASE SARC is CR ads te 
Tape 1 Tape 2 Tape 1 Tape 2 
Normal RR intervals (ms) 824 + 99 815 + 110 783 + 130 786 + 136 
Ultra low-frequency power 11,533 + 7,147 10,472 + 6,051 5,432 + 4,887 5,765 + 5,025 
(«0.0033 Hz) (ms?) 
| Ln ultra low-frequency 9.17 + 0.63 9.12 + 0.53 8.26 + 0.88 8.32 + 0.86 
| power (Ln ms?) 
| Very low-frequency power 1,229 + 787 1,291 + 955 929 + 994 955 + 1044 
(0.0033-0.04 Hz) 
(ms?) 
Ln very low-frequency 6.95 + 0.58 6.94 + 0.68 6:32 1:13 6.32 + 1.14 
power (Ln ms?) 
Low-frequency power 443 + 475 406 + 314 347 + 569 371 + 605 
(0.04—0.15 Hz) (ms?) 
Ln low-frequency power 5.69 + 0.89 5.70 + 0.84 5.18+1.18 5.18 + 1.21 
(Ln ms?) 
High-frequency power 168 + 200 | 145 + 124 191 + 446 196 + 441 
(0.15—0.40 Hz) (ms?) 
Ln high-frequency 4.65 + 0.97 4.65 + 0.84 4.39 + 1.07 446+ 1.05 
power (Ln ms?) 
TUNES DAD Hz) 13,373 + 7,906 12,316 + 6,863 6,899 + 6,374 7,288 + 6,664 
(ms¢) 
Ln total power 9.33 + 0.60 9.28 + 0.52 8.50 + 0.87 8.55 + 0.86 





*Values represent the arithmetic mean + standard deviation. 
No within-sample difference was statistically significant. Note for high-frequency power, arithmetic mean of data in original scale of measurement is higher for ESVEM group, whereas 


mean of logarithms is lower for ESVEM group. This difference is caused by pronounced positive skewing of data in original scale and indicates how log transform overcomes problem with 


skewing. 
Ln = natural logarithm; other abbreviations as in Table |. 


HF POWER TOTAL POWER 


N 
FIGURE 1. Cardiac Arrhythmia Pilot Ó n4 
Study (CAPS) group (top) is compared E s 
with Electrophysiologic Studies Ver- o T 
sus Electrocardiographic Monitoring 9 9 
(ESVEM) group (bottom) for natural a [ra 
logarithms of high-frequency (HF) (left) 


and total (right) powers. Values for 
day 1 are plotted on x axis, and those 
for day 2 on y axis in units of natural Nec o6 A 8 3 
logarithms. Diagonal dashed lines are Recording 1 Recording 1 
lines of identity (slope = 1; inter- 

cept = 0) (i.e., if values for days 1 and 
2 were identical they would lie on this 
line). Diagonal solid lines are linear re- 
gression lines calculated for data. Note 
that on average, range of values is 
greater for ESVEM group (4.75 vs 
3.63 for log high-frequency power, and 
3.77 vs 2.38 for log total power). Al- 
though there is excellent day-to-day 
stability in both groups, there is less 
difference between two 24-hour re- 
cordings for ESVEM group. 
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Normal CAPS 






Normal RR intervals (ms) 0.89 0.85 
Ln ultra low-frequency 0.54* 0.79 
power ( < 0.0033 Hz) 
(Ln ms?) 
Ln very low-frequency 0.87 0.86 
power (0.0033-0.04 
Hz) (Ln ms?) 
Ln low-frequency power 0.90 0.87 
(0.04-0.15 Hz) (Ln 
ms?) 
Ln high-frequency power 0.84 0.80 
(0.15-0.40 Hz) (Ln 
ms?) 
Ln total power ( « 0.40 0.64 0.81 
Hz) (Ln ms?) 





Figure 1 shows individual data comparing values of 
high-frequency and total powers for the first and second 
recordings in the ESVEM and CAPS groups. Stability 
was excellent for both measurements in both groups. To 
quantify the degree of agreement for measures of heart 
period variability between the two 24-hour recordings 
within individuals, we calculated the intraclass correla- 
tion coefficient for the normal RR intervals and for the 
5 frequency domain measures in the ESVEM and 
CAPS groups (Table III). Furthermore, we tabulated 
the coefficients for a group of 14 normal subjects previ- 
ously studied." For the ESVEM group, all intraclass 
correlation coefficients were 20.85, indicating excellent 
reliability for the measurements in these individuals.?! 
For the CAPS group, all intraclass correlation coeffi- 
cients were 20.79, again indicating excellent reliability. 
These findings indicate remarkable stability of the heart 
period variability measurements in individual patients 
with previous myocardial infarction. Furthermore, the 
intraclass correlation coefficients are similar to those 
previously found in a group of normal subjects.!7 
SEM (multiplied by 3) provides a criterion for the 
magnitude of difference needed between 2 measure- 
ments of a variable at 2 times for one to be 95% confi- 
dent that a real change has occurred. SEMs for the 14 
normal subjects!" and the CAPS and ESVEM groups 
are tabulated in Table III. Although SEM tended to be 
smaller in the normal subjects than in either of the post- 


infarction groups, this difference was statistically signif- 


icant only for low-frequency power (p «0.05). The val- 
ues for SEM in Table III indicate that because of the 
day-to-day stability in these measurements, small differ- 
ences due to changes in underlying disease or to treat- 
ments can be readily detected either in normal subjects 
or patients with previous myocardial infarction. 

Mean values for measures of heart period variability 
for the CAPS and ESVEM groups were only 20 to 30% 
of those found in 14 normal subjects reported previous- 
ly." Differences for the mean values between the nor- 


TABLE Ili Reproducibility of Normal RR Intervals and Measures of Heart Period Variability 


Intraclass Correlation Coefficient 


(n214) (n= 40) 


*This value was low due to changes in night-day differences in a few subjects due to alterations in sleep patterns. !7 
tBarlett’s chi-square 8.01, 2 degrees of freedom, p <0.05 for differences in standard errors of measurement. 





Standard Error of Measurement 





ESVEM Normal CAPS ESVEM 
(n=40) (n=14) (n=40) (n= 40) 

























0.85 33 50 40 
0.86 0.27 0.27 0.32 
0.96 0.19 0.24 0.22 
0.96 0.16 0.32 0.251 
0.92 0.29 0.40 0.31 
0.90 0.24 0.25 0.27 








mal subjects and the 2 groups of patients were statist 
cally significant (p «0.001 by independent sample 
tests). Contrary to our hypothesis, SEM was not sul 
stantially different between normal subjects and the 
samples of patients. This finding implies that there is 
common short-term day-to-day variability in measur 
of heart period variability that is minimally affected b 
previous myocardial infarction or changes in mea 
values. 


DISCUSSION 

Measures of heart rate or heart period variability o: 
fer a noninvasive means of quantifying autonomic acti 
ity in humans. There is substantial interest in usin 
measurements of heart period variability to evaluate 
variety of medical conditions, either as a means c 
quantifying the severity of disease or exploring the rol 
of the autonomic nervous system in pathophysiology 
Furthermore, studies using measures of heart perio 
variability can provide insight into drug effects on th 
autonomic nervous system. We showed previously! tha 
measures of heart period variability calculated from 24 
hour electrocardiographic recordings were quite stabl 
from day-to-day in 14 normal subjects. In this study, w 
found remarkable day-to-day stability of heart perio 
variability in 2 samples of patients after myocardial in 
farction (1 an intermediate risk group with asymptom 
atic but prognostically significant ventricular arrhyth 
mias, and the other a high-risk group with malignan 
ventricular arrhythmias). The 2 studies together sugges 
that measures of heart period variability are stable no 
only in normal subjects, but also in patients with previ 
ous myocardial infarction. The day-to-day stability o 
these measures of heart period variability makes it pos 
sible to detect small changes due to progression or re 
gression of disease or to treatment effects. 

The effects of disease on the mean values of mea 
sures of heart period variability are interesting, also 
The mean values for both postinfarction groups wer 
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only 20 to 3096 of those found in 14 normal subjects 
reported previously. The differences between the 
means for the ESVEM group and those for the CAPS 
group were statistically significant, but much smaller 
than those between either postinfarction group and the 
normal subjects. 

Recently, we found that of the frequency domain 
measures of heart period variability studied here, ultra 
low-frequency power had the strongest association with 
mortality during follow-up of the patients who partici- 
pated in the Multicenter Post Infarction Program. 
Based on the present results, ultra low-frequency power 
also seems to discriminate degree of illness between sub- 
groups of patients with previous myocardial infarction 
better than do other measures of heart period vari- 
ability. 

The physiologic systems responsible for ultra low- 
frequency power have not been identified. Thermoregu- 
lation and renin-angiotensin have been offered as candi- 
dates,? but have not been proved to be the cause of 
power «0.04 Hz. Other investigators suggested that 
power «0.04 Hz is noise, perhaps even artifact, reflect- 
ing the characteristics of the Holter recorders used to 
obtain the electrocardiographic data.*?* We think that 
the noise hypothesis for ultra low-frequency power is 
extremely unlikely. It is not possible that a random 
event such as noise in an electrocardiographic recording 
would be systematically and strongly associated with a 
future biological event (mortality after myocardial in- 
farction). The present study provides 2 additional argu- 
ments against the noise hypothesis. First, the stability of 
the ultra low-frequency power between 24-hour electro- 
cardiographic recordings would not be expected if noise 
were responsible for this component of the heart period 
power spectrum. Second, the large differences in mean 
values of ultra low-frequency power between normal 
subjects and patients with previous myocardial infarc- 
tion, and the ability of ultra low-frequency power to dis- 
criminate between subgroups of patients after myocar- 
dial infarction with different degrees of illness would 
not be expected if noise were responsible for ultra low- 
frequency power. Thus, the evidence gathered at present 
indicates that ultra low-frequency power is a biological- 
ly generated and prognostically important variable. It 
remains for future studies to determine the biologic 
mechanisms responsible for ultra low-frequency power. 
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Frequency of Complications of Cardiopulmonary 
Resuscitation After Thrombolysis During 
Acute Myocardial Infarction 


Karl H. Scholz, MD, Ulrich Tebbe, MD, Christoph Herrmann, MD, Jaroslav Wojcik, MD, 
Renate Lingen, MD, Joerg M. Chemnitius, MD, Stephan Brune, MD, and Heinrich Kreuzer, MD 


Prolonged external cardiac massage is often re- 
garded as a contraindication for thrombolytic 
therapy because of the risk of fatal hemorrhage. 
The influence of cardiopulmonary resuscitation on 
complications of thrombolytic bleeding was as- 
sessed analyzing data of all patients with myocar- 
dial infarction admitted to our clinic during the 
10-year period between 1978 and 1987. From 
the total of 2,147 patients with acute myocardial 
infarction, 590 received thrombolytic therapy (in- 
tracoronary in 229, intravenous in 400). Of these, 
43 patients underwent prolonged cardiopulmo- 
nary resuscitation and received thrombolysis with- 
in a time interval of <24 hours. 

In 21 patients, resuscitation was performed 
within a short period of time (5 minutes to 20 
hours) after thrombolysis (10 intracoronary, 10 
intravenous, 1 intravenous + intracoronary) had 
been initiated; 9 of these patients survived (43%). 
In the other 22 patients, thrombolytic therapy was 
initiated during ongoing resuscitation (n = 6: intra- 
venous in 5, intravenous + intracoronary in 1) or 
in the early phase (10 to 120 minutes) after suc- 
cessful resuscitation (n — 16: intracoronary in 10, 
intravenous in 4, intravenous + intracoronary in 
2). From this group, 14 patients survived (in-hos- 
pital mortality 3696). The mean duration of cardio- 
pulmonary resuscitation was 36 + 32 minutes 
(range 4 to 120). Autopsy studies were performed 
in 16 of 20 deceased patients. Bleeding complica- 
tions occurred in 8 of 43 patients. No case of 
bleeding was directly related to cardiocompres- 
sion despite the often traumatic procedure with 
rib fractures verified in 17 patients. There was no 
difference in the rate of bleeding complications for 
patients with (n = 43) and without (n = 547) resus- 
citation (18.6 vs 16.1%; chi-square = 0.34, 

p = not significant). 

Thus, in patients with acute myocardial infarc- 
tion, preceding or ongoing external cardiac mas- 
sage, per se, should not be regarded as contraindi- 
cation for thrombolytic therapy. 

(Am J Cardiol 1992;69:724-728) 
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ccording to exclusion criteria in most of the majc 
A sse on thrombolysis in acute myocardial ir 

farction,'-* preceding cardiopulmonary resusc 
tation is generally regarded as contraindication for th 
causal and effective therapy. However, with the excep 
tion of few case reports,?!? no data to date are avai 
able regarding the rate of bleeding complications usin 
thrombolysis in connection with prolonged resuscitatio 
in myocardial infarction. This investigation assesses th 
influence of mechanical resuscitation performed either 
short time before, during or after initiation of thrombc 
lytic therapy on the rate of bleeding complications in 
group of patients with myocardial infarction. 


METHODS 

Patient population: In a previous study investigatin, 
the effects of acute coronary interventions on mortality 
we analyzed clinical data of all patients with myocardia 
infarction admitted to our hospital between Januar 
1978 and December 1987. From a total of 5,940 regis 
tered patients presenting at our emergency ward or cor 
onary care units with chest pain, arrhythmias, resuscita 
tion or any other events that possibly could have beei 
related to myocardial infarction, the diagnosis of acuti 
myocardial infarction had been verified in 2,147 pa 
tients on the basis of 72 of the following criteria!!: se 
vere anginal chest pain, infarct-specific electrocardio 
graphic changes in 22 contiguous leads (ST elevatior 
20.1 mV in standard leads and 70.2 mV in precordia 
leads), increase of creatine kinase activity to at leas 
threefold of normal (7200 U/liter) with a ratio of cre 
atine kinase-MB fraction of 2696, or alternatively by 
autopsy findings. 

Thrombolytic therapy: All patients with acute myo- 
cardial infarction received intravenous therapy witk 
heparin (bolus of 5,000 U followed by a dose of 800 tc 
1,200 U/hour) and nitrates. Since 1979, a total of 59C 
patients (duration of symptoms «6 hours) additionally 
received thrombolytic therapy. Exclusion criteria for 
lysis were history of recent trauma, surgery, stroke, 
known predisposition for bleeding, history of internal 
(gastrointestinal or genitourinary) bleeding, cancer, hy- 
pertension and recent puncture of the subclavian or in- 
ternal jugular veins. Cardiocompression regularly was 
regarded as exclusion criterion for systemic lysis. 

During the first years, systemic thrombolytic thera- 
py was performed using streptokinase (initially using 
doses of 900,000 to 3 million U given over 60 minutes!2: 
since 1982, according to the protocol of the Intravenous 
Streptokinase in Acute Myocardial Infarction study,’ 
1.5 million U over 60 minutes). In all patients receiving 
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streptokinase, 1 single dose of aspirin (0.5 to 1.0 g) 
was administered intravenously. No patient had aspirin 
medication continued during the first 3 days after lysis. 
Since 1984, systemic lysis with an increasing frequency 
was performed with urokinase (bolus of 1.0 million U, a 
further 1.0 million U administered over 60 minutes). In 
the course of the German Activator Urokinase Study 
starting in 1985, patients received either recombinant 
tissue-type plasminogen activator (70 mg over 90 min- 
utes) or a bolus of 1.5 million U of urokinase followed 
by a further 1.5 million U given over 90 minutes. 
Intracoronary lysis was performed using either strep- 
tokinase (2,000 to 4,000 U/min over 60 to 90 min- 
utes)? or urokinase (250,000 U over 30 minutes). 
Cardiopulmonary resuscitation: For the present 
study the records of all patients with thrombolysis were 
reviewed in detail and all patients were identified who, 
within a time interval of «24 hours, had been subjected 
to both cardiocompression and thrombolytic therapy. 
Patients who had only defibrillation without cardio- 
compression were not included into the resuscitation 
group. Data on reasons for, as well as time and duration 
of, resuscitation directly reflect bedside assessment of 
the physician who performed resuscitation because in 
our hospital important clinical events are always imme- 
diately documented by the physician in charge. 
Hemorrhagic complications: The clinical course of 
each patient with thrombolysis was analyzed for the fol- 
lowing complications occurring within the first 3 days 
after lysis had begun: decrease in hemoglobin of >2.0 
g/dl; any observed orotracheal, gastrointestinal, genito- 
urinary or cerebral bleeding; bleeding at puncture sites 
of cardiac catheterization; and any bleeding revealed by 
autopsy studies. During the initial 3 days at least daily 
controls of hemoglobin were performed in all patients. 
Statistical analysis: All data were retrospectively re- 
corded and entered into a computerized database. Tests 
of significance were performed using the chi-square test 
or Student's ¢ test, as appropriate. 


RESULTS 

Thrombolysis and mechanical resuscitation: A total 
of 43 patients (33 men, 10 women) with acute myocar- 
dial infarction had both thrombolytic therapy and me- 
chanical resuscitation within a time interval of «24 
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TABLE | Characteristics of 590 Patients with Acute 
Myocardial Infarction Receiving Thrombolytic Therapy 


No CPR 





p Value 


No. of patients 43 547 
Mean age (yr)/range 58.3/29-79 | 58.6/27-89 0.89 
Men 33 (7796) 444 (81%) 0.48 
Diabetes mellitus 
Yes 7 (16%) 57 (10%) 0.16 
No 25 (58%) 429 (78%) 
Unknown 11 (26%) 61 (11%) 
Hypertension 
Yes 10 (23%) 129 (24%) 0.64 
No 21 (49%) 355 (65%) 
Unknown 12 (28%) 63 (11%) 
Prior myocardial infarction 13 (30%) 84 (15%) « 0.05 
Infarct location 
Anterior 22 (51%) 271 (49.5%) 0.62 
Inferior 19 (44%) 274 (50%) 
Undefined 2 (4.796) 2 (0.596) 
Acute invasive interven- 35 (81%) 379 (69%) 0.13 
tions 
Acute angiography 33 (7795) 378 (69%) 0.38 
Acute angioplasty 6 (14%) 95 (17%) 0.72 
IABP 10 (23%) 12 (2%) <0.001 
Hospital death 20 (46%) 34 (6%) <0.001 
Day 1 13 (65%*) — 
Day 2-7 3 (1596*) 21 (62%*) 
Day »7 4 (2096*) 13 (38%*) 
Second infarction 3 (7%) 31 (6%) 0.56 
Hospital stay of survivors 30.4 + 13.3 24.8 € 9.4 0.19 













(days) 


*Percentages calculated from the number of patients who died. 
CPR = cardiopulmonary resuscitation; IABP = intraaortic balloon counterpulsation. 


hours. There have been no significant differences be- 
tween resuscitated and nonresuscitated patients with 
thrombolysis with regard to age, gender, history of dia- 
betes mellitus, history of hypertension, infarct location 
and number of patients with invasive interventional pro- 
cedures (Table I). Intravenous aspirin (0.5 to 1.0 g) was 
given to 24 patients (56%) with and 309 patients (56%) 
without resuscitation. 

The reason for resuscitation was ventricular fibrilla- 
tion/tachycardia in 29, low output in 6, asystole in 6 
and electromechanical dissociation in 2 patients. The 
average duration of cardiocompression was 36 + 32 
minutes (range 4 to 120). Resuscitation initially was 
successful in 34 patients (79%). In-hospital mortality 


TABLE II Thrombolysis and Resuscitation in Patients with Myocardial Infarction (n = 43) 


Before CPR 
(5 min—20 hours) 
(n = 21) 


İ.C. i.v. /i.C. 
10 1 


Successful CPR 
Hospital death 
Bleeding complications 3 
Mean duration of CPR 
(min) 


V. 
5 
2 
3 


Start of Lysis 


After CPR 
During CPR (10-120 min) 


(n = 6) 


i.C. i.v. /l.C. 


69.2 


(40—120) (4—30) 


CPR = cardiopulmonary resuscitation; i.c. = intracoronary; i.v. = intravenous. 
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was 46% (20 of 43 patients). Autopsies were performed 
in 16 of the 20 deceased patients. Cause of death was 
pump failure in 17, arrhythmia in 1, and rupture of the 
free left ventricular wall in 2 patients. 

Resuscitation became necessary in 21 patients 5 
minutes to 20 hours (5.3 + 5.5 hours) after lysis had 
begun (Table II). 

In a further 6 patients, thrombolysis was performed 
during ongoing cardiocompression in nearly hopeless 
clinical situations. Resuscitation was successful in 2 of 
these. In both cases angiography revealed a reopened 
infarct-related coronary vessel. 

Lysis was initiated in 16 patients after successful re- 
suscitation; 12 of them received intracoronary lysis. In 4 
patients, systemic thrombolysis was performed despite 
preceding resuscitation on the decision of the physician 
in charge. In these patients, mean duration of resuscita- 
tion was 8.5 minutes (range 4 to 15) compared with 
18.7 minutes for all patients receiving thrombolysis af- 
ter resuscitation. 

Complications of thrombolytic therapy in patients 
with cardiopulmonary resuscitation: Hemorrhagic 
complications developed in 8 of the 43 resuscitated pa- 
tients with thrombolysis. Five of them had received 
streptokinase and 3 urokinase. In 5 patients with bleed- 
ing complications lysis had been performed before re- 
suscitation became necessary. 

The complications were puncture site bleeding in 3 
patients (autopsy/decrease in hemoglobin, 2.9 and 6.7 
g/dl), gastrointestinal bleeding in 2 (decrease in hemo- 
globin, 2.8 and 4.2 g/dl), mild genitourinary bleeding in 
| patient, and decrease in hemoglobin (2.0 and 6.9 
g/dl) without identification of the site of bleeding in 2 
patients. 

In no patient was bleeding directly related to cardio- 
compression, despite rib fractures that were document- 


C= Pts. with CPR 
CI Pts. without CPR 


3/19 55/342 
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ed (x-ray or autopsy) in 17 of the 43 patients. No cer 
bral hemorrhage was observed in any patient. 

Complications of thrombolysis in resuscitated con 
pared with nonresuscitated patients: There was no si; 
nificant difference in the rate of bleeding complicatioi 
between 43 patients with resuscitation and the 547 p 
tients without mechanical resuscitation (18.6 vs 16.19 
chi-square = 0.34; p = not significant [NS]) (Figure 1 
In the group of patients with thrombolysis without ri 
suscitation, major bleeding, defined as a decrease i 
hemoglobin >5 g/dl or any intracranial bleeding, o 
curred in 44 patients (8%). Lethal cerebral bleeding d 
veloped in 3 patients. 

Systemic lysis led to complications in 3 of 19 resusc 
tated (16%) and in 55 of 342 nonresuscitated (16%) pé 
tients (chi-square = 0.0, p = NS). For both subgroup 
ratios of invasive procedures were nearly identical (1 
of 19 resuscitated versus 174 of 342 nonresuscitated p: 
tients). 

With intracoronary thrombolysis, the rate of bleec 
ing was higher in resuscitated than in nonresusci 
tated patients (20 vs 1596). This difference, howevei 
was without statistical significance (chi-square = 0.30) 
Similarly, in the few patients receiving combined intra 
venous and intracoronary lysis, the rate of bleedin 
complications was not significantly different for patient 
who needed and those who did not need (20 vs 25%; chi 
square = 0.06; p = NS) resuscitation. 


DISCUSSION 

Cardiopulmonary resuscitation is often regarded as ; 
contraindication for thrombolytic therapy because o 
the possible risks of fatal hemorrhage. To date, only fev 
case reports exist on thrombolysis in patients with pro 
longed resuscitation, and most of them are concerne 
with patients with pulmonary embolism (Table III) 


FIGURE 1. Rate of hemor- 


e 
and combined (i.v. + i.c.) 
are without sta- 
tistical " 


MARCH 15, 1992 


TABLE IlI Cardiopulmonary Resuscitation and Thrombolysis (pulmonary embolism, 


myocardial infarction) 


Pts., Age 


Author &Sex Diagn. Lysis 


Renkes '7414 F 35y SK 750,000, 


+500,000/5 hours 
SK 1.0 Mio +1.5Mio/16 8 


Borst '7615 F 35y 


hours 
Kóstering'7716  F 37y 


SK 750,000 +2.8 


Dur. of CPR 
(min) Complications 


60 Uterine bleeding (4th day 
after parturition) 
Hematothorax 


intraper. bleeding 


Mio/28 hours 


Flügel '78!7 F 35y 
Unseld '7818 F 49y 


SK 350,000 
SK 750,000 


UK 1.5 Mio 
SK 1.0 Mio 
SK 1.5 Mio 
SK 1.5 Mio 


Wester '861? F 27y 
Gramann'88?0 10 pts. 
Haugeberg'89? M 66y 
Josephs '8919 M 40y 
Siebenlist 902! 2 pts. 
Horstkotte '90?? 17 pts. 


Scholz '9023 17 pts. 
Jaeger '90?4 ll pts. AMI 


Tenaglia'9125 — 22pts. AMI  t-PA/UK 


SK/UK (0.25—6.0 Mio) 20-160 


SK/UK (1.5/1.8 Mio) 


60 — 

15 Decrease in Hb (6 g/dl), 
retroper. bleeding (1st 
day after hysterectomy) 

90 — 

60-100 (5 pts died, no autopsy) 

? Hematothorax 

15 — 


rt-PA 100 mg/90 min. 20/30 — 
UK (0.5—6.5 Mio) 32-186 


2x hematothorax; 1x pul- 
monary bleeding 
1x sternal hematoma; 1x 
hepatic bleeding 
10x "short" 
1x 25 
<10 


AMI = acute myocardial infarction; CPR = cardiopulmonary resuscitation; Diagn. = diagnosis; Dur. = duration; Hb = 
hemoglobin; intraper. = intraperitoneal; Mio = million units; PE = pulmonary embolism; retroper. = retroperitoneal; rt-PA = 
recombinant tissue-type plasminogen activator; SK = streptokinase; UK = urokinase; ? = no data reported; ?? = diagnosis 


unknown (“thoracic pain"); — = no bleeding complication. 


Substantial bleeding complications occurred in patients 
with long-term lysis of up to 28 hours,'*+!® but appeared 
to be reduced when high-dose short-term lysis was ad- 
ministered.'’-23 In our clinic, we observed bleedings di- 
rectly related to cardiocompression in only 2 of a total 
of 17 resuscitated patients with pulmonary embolism 
who received high doses of up to 6 million U of strepto- 
kinase or urokinase.” However, because of considerable 
differences in both dosage regimens as well as overall 
duration of resuscitation, these results should not simply 
be applied to patients with acute myocardial infarction. 

In 1989, Haugeberg et al? reported on a patient 
with myocardial infarction who developed intrathoracic 
hemorrhage after streptokinase lysis following cardio- 
compression. To our best knowledge, this has been the 
only report on an apparently lethal outcome of throm- 
bolytic therapy after mechanical resuscitation. In a total 
of 11 patients with myocardial infarction, Jaeger et al?^ 
observed no complications after short-term lysis follow- 
ing defibrillation or short periods of cardiocompression. 
Recently, Tenaglia et al? reported no increased rate of 
bleeding complications in 22 of 708 patients in the 
Thrombolysis and Angioplasty in Myocardial Infarction 
trials who had been resuscitated and received thrombo- 
lysis. However, patients with prolonged resuscitation 
had not been eligible for these trials.?? 

In contrast, our report includes patients with pro- 
longed resuscitation. We also analyzed the clinical 
course of patients resuscitated after initiation of throm- 
bolytic therapy. In the group of 590 patients with lysis 
we found no differences in total rates of lysis-related 





complications between 43 patients with and 547 pa- 
tients without resuscitation. In particular, we observed 
no relevant bleeding directly attributable to cardio- 
compression despite the often prolonged and traumatic 
resuscitation associated with documented rib fractures 
in one third of the 43 patients. Due to catheter-related 
bleeding complications, intracoronary lysis in resuscitat- 
ed patients despite the lower dosage probably brings 
about no advantages when compared with systemic lysis 
(Figure 1). 

Our study has possible limitations. Owing to the ret- 
rospective design, some uncertainty exists concerning 
the severity of bleeding complications. However, routine 
hemoglobin control measurements regularly obtained 
during the first 3 days in each patient prove that no 
relevant bleeding has been missed. 

Autopsy studies have not been performed in 4 of our 
20 deceased patients. Two of these patients died during 
the first 24 hours. The other 2 died 7 and 20 days after 
lysis, respectively, without presenting any clinical symp- 
toms of hemorrhage. 

Finally, there may be withdrawal bias because pa- 
tients with resuscitation are more likely to die, and 
therefore there might be less opportunity for bleeding 
problems to manifest in these patients. However, this 
should be relevant only in patients who died during the 
period of increased thrombolytic activity. A total of 13 
patients died within the first 24 hours after receiving 
lysis (Table I). In 9 of these patients, resuscitation had 
been without primary success and 4 patients died some 
hours after successful resuscitation. Although no unre- 
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_ Served statements regarding complications can be given 
in these patients, there were no clinical or pathologic 
signs of bleeding in this group. Nevertheless, our study 
clearly shows that no bleeding complications occurred 
which were directly related to cardiocompression in the 
30 patients who had had resuscitation and thrombolysis 
and survived 224 hours. Thus, cardiopulmonary resus- 
citation, per se, should not be regarded as contraindica- 
tion for high-dose short-term thrombolytic therapy in 
patients with myocardial infarction. 
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* See DOSAGE AND ADMINISTRATION section of prescribing information. 

+ Parke-Davis is confident that for many of your hypertensive patients ACCUPRIL will achieve the 
decrease in blood pressure you expect. However, if, after an adequate trial of ACCUPRIL alone, based on 
your medical judgment as the prescribing physician, you determine that your patient requires the addition 
of a diuretic, Parke-Davis will refund to the patient his/her cost for the diuretic prescription less any 
amount reimbursed or paid for by an HMO, insurance company, or any other plan or program. 


For more details, ask your Parke-Davis Representative or call 1-800-955-3077. 


+ In some patients, the antihypertensive effect may diminish toward the end of the once-daily dosing 
interval. In such patients, an increase in dosage or twice-daily administration may be warranted. 
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Accuprile (Quinapril Hydrochloride Tablets) 


Before prescribing, please see full prescribing information. A brief summary follows. 

INDICATIONS AND USAGE 

ACCUPRIL is indicated for the treatment of hypertension. It may be used alone or in combination with thiazide diuretics. 

In using ACCUPRIL, consideration should be given to the fact that another angiotensin-converting enzyme (ACE) inhibitor, cap- 

topril, has caused agranulocytosis, particularly in patients with renal impairment or collagen vascular disease. Available data 

are insufficient to show that ACCUPRIL does not have a similar risk (see WARNINGS). 

CONTRAINDICATIONS 

ACCUPRIL is contraindicated in patients who are hypersensitive to this product and in patients with a history of angioedema 

related to previous treatment with an ACE inhibitor. 

WARNINGS 

pry arene Angioedema of the face, extremities, lips, tongue, glottis, and larynx has been reported in patients treated with 

ACE inhibitors and has been seen in 0.1% of oa receiving ACCUPRIL. Angioedema associeted with laryngeal edema can 

be fatal. If laryngeal stridor or angioedema of the face, tongue, or glottis occurs, treatment with ACCUPRIL should be discon- 

tinued immediately, the patient treated in accordance with accepted medical care, and carefully observed until the swelling 

disappears. In instances where swelling is confined to the face and lips, the condition generally resolves without treatment: 

antihistamines may be useful in relieving symptoms, 

Where there is involvement of the tongue, glottis, or larynx likely to cause airway obstruction, emergency therapy including, 

REACTIONS to, subcutaneous epinephrine solution 1:1000 (0.3 to 0.5 mL) should be promptly administered p ADVERSE 

Hypotension: Symptomatic hypotension was rarely seen in uncomplicated hypertensive patients treated with ACCUPRIL but, 

as with other ACE inhibitors, it is a possible consequence of therapy in salt/volume depleted patients, such as those previously 

treated with diuretics or dietary salt restriction or who are on dialysis (see PRECAUTIONS, DRUG INTERACTIONS, and 

ADVERSE REACTIONS). In controlled studies, syncope was observed in 0.4% of patients (N = 3203): this incidence was 

similar to that observed for captopril (1%) and enalapril (0.8%). 

In patients with concomitant congestive heart failure, with or without associated renal insufficiency, ACE inhibitor therapy may 

Cause excessive pay which may be associated with oliguria or azotemia and, rarely, with acute renal failure and death. 

In such patients, ACCUPRIL therapy should be started at the recommended dose under close medical supervision. These 

patients should be followed closely for the first 2 weeks of treatment and whenever the dosage of antihypertensive medication 

is increased (see DOSAGE AND ADMINISTRATION). 

If symptomatic hypotension occurs, the patient should be placed in the supine position and, if necessary, normal saline may 

be administered intravenously. A transient hypotensive response is not a contraindication to further doses: however, lower 

doses of ACCUPRIL or reduced concomitant diuretic therapy should be considered. 

Neutropenia /Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone marrow 

depression rarely in patients with uncomplicated hypertension, but more frequently in patients with renal impairment, espe- 

cially if they also have a collagen vascular disease such as systemic lupus erythematosus or scleroderma. Agranulocytosis did 

occur palet, ACCUPRIL treatment in one patient with a history of neutropenia during previous captopril therapy. Available data 

from clinical trials of ACCUPRIL are insufficient to show that, in patients without prior reactions to other ACE inhibitors, 

ACCUPRIL does not cause agranulocytosis at similar rates. As with other ACE inhibitors, periodic monitoring of white blood 

cell counts in patients with collagen vascular disease and/or renal disease should be considered. 

Fetal/Neonatal morbidity and mortality: ACE inhibitors, including ACCUPRIL, can cause fetal and neonatal morbidity and 

mortality when administered to pregnant women. 

When ACE inhibitors have been used during the second and third 

trimesters of pregnancy, there have been reports of hypotension, l 

renal failure, skull hypoplasia, and death. Oligohydramnios has New ; 

also been reported, presumably resulting from decreased fetal 

renal function; oligohydramnios has been associated with fetal 

limb contractures, craniofacial deformities, hypoplastic lung 

development, and intrauterine growth retardation. 

Prematurity and patent ductus arteriosus have been reported, 

cp it is not clear whether these occurrences were due to 

the ACE-inhibitor exposure or to the mother's underlying dis- 

ease. It is not known whether exposure limited to the first 

trimester can adversely affect fetal outcome. 

A patient who becomes pregnant while = ACE inhibitors, or who takes ACE inhibitors when already pregnant, should be 

apprised of the potential hazard to her fetus. If she continues to receive ACE inhibitors during the second or third trimester of 

Sige frequent ultrasound examinations should be performed to look for oligohydramnios. When oligohydramnios is 

found, ACE inhibitors should generally be discontinued. 

Infants with histories of in utero exposure to ACE inhibitors should be closely observed for hypotension, oliguria, and hyper- 

kalemia. If án gre occurs, attention should be directed toward support of blood pressure and renal perfusion. Hemodialysis 

and peritoneal dialysis have little effect on the elimination of quinapril and quinaprilat. 

No fetotoxic or teratogenic effects were observed in rats at quinapril doses as high as 300 mg/kg/day (180 and 30 times the 

maximum daily human dose when based on mg/kg and mg/m?, respectively), despite maternal toxicity at 150 mg/kg/day. 

Tested later in gestation and during lactation, reduced offspring body weight was seen at =25 mg/kg/day, and changes in 

renal histology T cell hypertrophy, tubular/pelvic dilation, glomerulosclerosis) were observed both in dams and 

bea treated with 150 mg/kg/day. Quinapril was not teratogenic in the rabbit; however, as noted with other ACE inhibitors, 

maternal toxicity and embryotoxicity were seen in some rabbits at quinapril doses as low as 0.5 mg/kg/day (one time the 

recommended human dose) and 1.0 mg/kg/day, respectively. 

PRECAUTIONS 

General 

Impaired renal function: As a consequence of inhititing the renin-angiotensin-aldosterone system, changes in renal function 

may be anticipated in susceptible individuals. In patents with severe heart failure whose renal function may depend on the 

activity of the renin-angiotensin-aldosterone system, treatment with ACE inhibitors, including ACCUPRIL, may be associated 

with oliguria and/or progressive azotemia and rarely acute renal failure and/or death. 

In clinical studies in SNR patients with unilateral or bilateral renal artery stenosis, increases in blood urea nitrogen and 

serum creatinine have been observed in some patients following ACE inhibitor therapy. These increases were almost always 

reversible upon discontinuation of the ACE inhibitor and/or diuretic therapy. In such patients, renal function should be mon- 

itored during the first few weeks of therapy. 

Some hypertensive patients with no apparent preexisting renal vascular disease have developed increeses in blood urea and 

Serum Creatinine, usually minor and transient, especially when ACCUPRIL has been given concomitantly with a diuretic. This 

is more likely to occur in patients with preexisting renal impairment. Dosage reduction and/or discont nuation of any diuretic 

and/or ACCUPRIL may be required. 

Evaluation of hypertensive patients should always include assessment of renal function (see DOSAGE AND 

ADMINISTRATION). 

Hyperkalemia and potassium-sparing diuretics: In clinical trials, hyperkalemia (serum potassium =5.8 mmol/L) occurred in 

approximately 2% of patients receiving ACCUPRIL. In most cases, elevated serum potassium levels were isolated values which 

resolved despite continued therapy. Less than 0.1% of patients discontinued therapy due to hyperkalemia. Risk factors for the 

development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use o* potassium-sparing 

diuretics, potassium ngn and/or potassium-containing salt substitutes, which should be used cautiously, if at all, 

with ACCUPRIL (see PRECAUTIONS, Drug Interactions). 

Su pe prin In patients undergoing major surgery or during anesthesia with agents that produce hypotension, — 

ACCUP IL will block angiotensin |! formation secondary to compensatory renin release. If hypotension occurs and is consid- 

ered to be due to this mechanism, it can be corrected by volume expansion. 

Information for Patients 

Angioedema: Angioedema, including laryngeal edema, can occur with treatment with ACE inhibitors, especially following the 

first dose. Patients should be so advised and told to report immediately any signs or symptoms ap am angioedema 

(welling of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to stop taking the drug until they 

have consulted with their physician (see WARNINGS). 

yep hypotension: Patients should be cautioned that lightheadedness can occur, especially during the first few days 

of ACCUPRIL therapy, and that it should be reported to a physician. If actual syncope occurs, patients should be told to not take 

the drug until they have consulted with their physician (see WARNINGS). 

All patients should be cautioned that inadequate fluid intake or excessive perspiration, diarrhea, or vomiting can lead to an 

excessive fall in blood pressure because of reduction in fluid volume, with the same consequences of ligntheadedness and 

possible syncope. 

ive planning to undergo any surgery and/or anesthesia should be told to inform their physician that they are taking an 
inhibitor. 

Hyperkalemia: Patients should be told not to use potassium supplements or salt substitutes containing potassium without 

consulting their physician (see PRECAUTIONS). 
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Neutropenia: Patients should be told to report promptly any indication of infection (eg, sore throat, fever) which could be 
sign of neutropenia. 

NOTE: As with many other drugs, certain advice to patients being treated with ACCUPRIL is warranted. This information 
intended to aid in the safe and effective use of this medication. It is not a disclosure of all possible adverse or intended eff 


Drug Interactions 


Concomitant diuretic therapy: As with other ACE inhibitors, patients on diuretics, especially those on recently instituted 
diuretic therapy, may occasionally experience an excessive reduction of blood pressure after initiation of therapy with 
ACCUPRIL. The possibility of hypotensive effects with ACCUPRIL may be minimized by either discontinuing the diuretic c 
cautiously increasing salt intake prior to initiation of treatment with ACCUPRIL. If it is not possible to discontinue the diur 
the starting dose of quinapril should be reduced (see DOSAGE AND ADMINISTRATION). 


Agents increasing serum potassium: Quinapril can attenuate pe loss caused by thiazide diuretics and increase se 
potassium when used alone. If concomitant therapy of ACCUPRIL with potassium-sparing diuretics (eg, spironolactone, 
triamterene, or amiloride), potassium supplements, or potassium-containing salt substitutes is indicated, they should be 
with caution along with appropriate monitoring of serum potassium (see PR CAUTIONS). 


letracycline and other drugs that interact with magnesium: Simultaneous administration of tetracycline with ACCUPRIL 
reduced the absorption of tetracycline by approximately 28% to 37%, possibly due to the high magnesium content in 
ACCUPRIL tablets. This interaction should be considered if coprescribing ACCUPRIL and tetracycline or other drugs that 
interact with magnesium. 


Lithium: Increased serum lithium levels and symptoms of lithium toxicity have been reported in patients receiving concor 
tent lithium and ACE inhibitor Y These drugs should be co-administered with caution, and frequent monitoring of st 
lithium levels is recommended. If a diuretic is also used, it may increase the risk of lithium toxicity. 


Other agents: Drug interaction studies of ACCUPRIL with other agents showed: 

* Multiple dose therapy with propranolol or cimetidine has no effect on the pharmacokinetics of single doses of ACCUPRIL 

* The anticoagulant effect of a single dose of warfarin (measured by prothrombin time) was not significantly changed by 
quinapril coadministration twice-daily. 

* ACCUPRIL treatment did not affect the pharmacokinetics of digoxin. 

No rl la interaction was observed when single doses of ACCUPRIL and hydrochlorothiazide were administer 
concomitantly. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

Quinapril hydrochloride was not carcinogenic in mice or rats when ur in doses up to 75 or 100 mg/kg/day (50 to 60 tim 
the maximum human daily dose, respectively, on a mg/kg basis and 3.8 to 10 times the maximum human daily dose wher 
based on a mg/m’ basis) for 104 weeks. Female rats given the highest dose level had an increased incidence of mesenterii 
lymph node hemangiomas and skin/subcutaneous lipomas. Neither quinapril nor quinaprilat were mutagenic in the Ames 
terial assay with or without metabolic activation. Quinapril was also negative in the following genetic toxicology studies: ir 
vitro mammalian cell point mutation, sister chromatid exchange in cultured mammalian cells, micronucleus test with mice 
vitro chromosome aberration with V79 cultured lung cells, and in an in vivo cytogenetic study with rat bone marrow. Thert 
were no adverse effects on fertility or reproduction in rats at doses up to 100 mg/kg/day (60 and 10 times the maximum d 
human dose when based on mg/kg and mg/m’, respectively). 


Pregnancy 
nancy Category D: See WARNINGS, Fetal/Neonatal 
modd and mortality. 
Nursing Mothers 
It is not known if quinapril or its metabolites are secreted in 
human milk. Quinapril is secreted to a limited extent, howevi 
milk of lactating rats (5% or less of the plasma drug concent 
tion was found in rat milk). Because many drugs are secrete 
human milk, caution should be exercised when ACCUPRIL is 
den to a nursing mother. 

eriatric Use 
Elderly patients exhibited increased area under the plasma ct 
centration time curve (AUC) and peak levels for quinaprilat compared to values observed in younger patients; this appearec 
relate to decreased renal function rather than to Y itself. In controlled and uncontrolled studies of ACCUPRIL where 18 
(21%) patients were 65 years and older, no overall differences in effectiveness or safety were observed between older and 
younger patients. However, greater sensitivity of some older individual patients cannot be ruled out. 
Pediatric Use 
The safety and effectiveness of ACCUPRIL in children have not been established. 
ADVERSE REACTIONS 
ACCUPRIL has been evaluated for safety in 4960 subjects and patients. Of these, 3203 patients, including 655 elderly patie; 
lisa pet in controlled clinical trials. ACCUPRIL has been evaluated for long-term safety in over 1400 patients treated for 

year or more. 
Adverse experiences were usually mild and transient. 
Discontinuation of therapy because of adverse events was required in 4.7% of patients treated with ACCUPRIL in placebo- 
controlled hypertension trials. 
Adverse experiences probably or possibly related to therapy or of unknown relationship to therapy occurring in 1% or more 
the 1563 patients in placebo-controlled hypertension trials who were treated with ACCUPRIL are shown below. 

Adverse Events in Placebo-Controlled Trials 





ACCUPRIL Placebo 

(N= 1563) (N= 579) 

Incidence Incidence 

(Discontinuance) (Discontinuance) 

Headache 5.6 (0.7 10.9 2 
Dizziness 3.9 (0.8 2.6 (0.2 
Fatigue 2.6 (0.3 1.0 
Coughing 2.0 (0.5 0.0 
Nausez/Vomiting 1.4 (0.3 1.9 (0.2) 
Abdominal Pain 1.0 (0.2 0.7 


Clinical adverse experiences probably or possibly related, or of uncertain relationship to therapy, occurring in 0.5% to 1.0% 
(except as noted) of the patients treated with ACCUPRIL (with or without concomitant diuretic) in controlled or uncontrollec 
trials (N — 4397) and less Apo Clinically significant events seen in clinical trials or post-marketing experience (the rare 
events are in italics) include (listed by body system): 

General: back pain, malaise 

Cardiovascular: palpitation, vasodilation, tachycardia, heart failure, hyperkalemia, myocardial infarction, cerebrovascular 
accident, hypertensive crisis, angina pectoris, orthostatic hypotension, cardiac rhythm disturbances 

Gastrointestinal: dry mouth or throat, constipation, gastrointestinal hemorrhage, pancreatitis, abnormal liver function test: 
Nervous/Psychiatric: somnolence, vertigo, syncope, nervousness, depression 

Integumentary: increased sweating, pruritus, exfoliative dermatitis, photosensitivity reaction 

Urogenital: acute renal failure 

Other: amblyopia, pharyngitis, sinusitis, bronchitis, agranulocytosis, thrombocytopenia 

Angioedema: angioedema has been reported in patients receiving ACCUPRIL (0. is Angioedema associated with lary 
edema "€ be fatal. If angioedema of the face, extremities, lips, tongue, glottis, and/or larynx occurs, treatment with 

PRIL should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 

Clinical Laboratory Test Findings 

Hematology: (See WARNINGS) 

Hyperkalemia: (See PRECAUTIONS) 

Creatinine and blood urea nitrogen: Increases (>1.25 times the upper limit of normal) in serum creatinine and blood urea 
nitrogen were observed in 2% and 2%, respectively, of patients treated with ACCUPRIL alone. Increases are more likely to 
occur in ares receiving concomitant diuretic therapy than in those on ACCUPRIL alone. These increases often remit on 
continued therapy. 


* [n some patients, the antihypertensive effect may diminish toward the 
end of the once-daily dosing interval. In such patients, an increase in 
dosage or twice-daily administration may be warranted. 
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Relation of the Site of Acute Myocardial 
Infarction to the Most Severe Coronary Arterial 
Stenosis at Prior Angiography 


Didier Giroud, MD, Jian M. Li, MD, Philip Urban, MD, 
Bernhard Meier, MD, and Wilhelm Rutishauser, MD 





To determine whether the site of acute myocardial 
infarction (AMI) can be predicted on the basis of a 
previous coronary angiogram, 184 consecutive 
angiograms obtained between March 1972 and 
August 1990 in 92 patients who had undergone 
coronary angiography both before and after AMI 
without intervening bypass surgery or angioplasty 
were evaluated. Median time between the first 
coronary angiography and AMI was 26 months 
(range 1 to 144). On the first angiogram, most pa- 
tients (8996) had 1- or 2-vessel disease, and 56 
(6196) had an abnormal ventriculography. Seven- 
ty-two segments (7896) responsible for a future 
AMI were not significantly stenosed. On the sec- 
ond angiogram, AMI was related to the previously 
most stenotic segments in only 29 patients (32%). 
For these patients, median time between first cor- 
onary angiography and AMI was slightly shorter 
(22 vs 28 months; p = 0.04). The severity of the 
narrowing on the first angiogram was a poor pre- 
dictor of subsequent AMI. It is concluded that in a 
selected, medically treated cohort, AMI is fre- 
quently related to a segment that was not the 
most stenotic one or was not even significantly 
stenosed at previous angiography, particularly 
with a long interval between the first angiogram 
and AMI. 

(Am J Cardiol 1992;69:729-732) 
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and most stenoses progress in stepwise fashion. !? 

Progression of nonocclusive atherosclerosis ap- 
pears proportional to the initial severity of the lesions 
and to the period between 2 consecutive angiograms, 
suggesting a time-dependent process.'^* Acute myo- 
cardial infarction (AMI) is an abrupt and unpredict- 
able event that is not time-dependent.? AMI is usually 
caused by a coronary arterial thrombosis that occurs 
when a preexisting coronary plaque ruptures or fissures, 
exposing underlying thrombogenic material to the circu- 
lation. The mechanism of plaque fissuring was postu- 
lated by Davies. We determined the degree of stenosis 
of coronary segments that subsequently progressed to 
occlusion with AMI and, vice versa, evaluated whether 
AMI was related to the previously most severe lesion. 


(C atherosclerosis does not progress linearly, 


METHODS 

Patients: We retrospectively evaluated all 1,050 pa- 
tients with Z2 coronary angiograms obtained at our 
center between March 1972 and August 1990. Of 101 
consecutive patients, we selected the 92 patients with 
intervening AMI and no bypass surgery or angioplasty 
between 2 angiograms suitable for analysis. AMI was 
considered present when Z2 of the 3 following criteria 
were met: (1) persistent chest pain of more than half 
an hour, (2) typical electrocardiographic pattern and 
(3) pertinent enzymatic changes. Ten patients received 
thrombolytic treatment with recombinant tissue-type 
plasminogen activator. For each patient, we determined: 
(1) age at time of AMI, (2) time between first angio- 
gram and AMI, and (3) time between AMI and second 
angiogram (Table I). 

Angiographic analysis: The 2 angiographic films of 
each patient were reviewed by 2 experienced observers 
in simultaneous parallel projections. Coronary artery 
vessels were divided in 15 segments, according to the 
American Heart Association classification. Stenoses 
were visually analyzed and classified in 5 categories: 
«2096, 21 to 50%, 51 to 70%, 71 to 90%, and >90% of 
diameter stenosed. Complete occlusions were not in- 
cluded. In case of disagreement, the most severe esti- 
mate was used. On the first ventriculography, cases 
with normal left ventricular function were separated 
from those with a moderate or marked segmental alter- 
ation of the left ventricular wall motion in 21 segment. 
We excluded from further analysis coronary artery seg- 
ments responsible for previous AMI in case of abnormal 
left ventricular function on the first film. 
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TABLE I| Patient Characteristics (n = 92) 


Age (yr) 56 + 9 (mean + SD) 
Time of first film to AMI 26 (1-144) 
(mo) M (M1—M2) 
Time of AMI to second 15 (0-197) 
film (days) M (M1—M2) 
Sex 
Men 87 (95%) 
Ventriculography 1 
Normal 36 (39%) 
Abnormal 56 (6196) 
No. of diseased vessels 
on first film 
0 17 (19%) 
1 38 (41%) 
2 27 (29%) 
3 10 (11%) 
Maximal stenosis with normal 
function (first film) 
<20% 16 (17%) 
21-50% 30 (33%) 
51-70% 15 (16%) 
71-90% 18 (20%) 
>90% 13 (14%) 
Stenosis responsible for 
future AMI (first film) 
<20% 48 (52%) 
21-50% 24 (26%) 
51-70% 8 (9%) 
71-90% 12 (13%) 
>90% O (0%) 
Stenosis responsible for 
AMI (second film) 
<20% 0 (0%) 
21-50% 2 (2%) 
51-70% 3 (3%) 
71-90% 20 (22%) 
>90% 67 (73%) 
Progression of stenosis + 90 (98%) 
responsible for AMI 0 2 (296) 
AMI related to most * 29 (32%) 
stenotic segment 0 63 (68%) 


AMI = acute myocardial infarction; M = median; M1 = minimum; M2 = maximum. 





On the first angiogram, we determined how many of 
the 3 main coronary arteries (left anterior descending 
and circumflex, and right) had significant narrowing 
(stenosis >50% of diameter). There was no significant 
lesion of the left main stem. We assessed each stenosis 
with particular attention to the segment with the most 
severe stenosis (and normal function of the dependent 
myocardium) and to the stenosis in the segment respon- 
sible for the future AMI. 

On the second angiogram, we could determine the 
culprit segment on the basis of left ventriculography 
and electrocardiography. All patients had >1 new 
hypo- or akinetic left ventricular segment. Progression 
of the coronary arterial disease was considered present 
when the segment with the stenosis responsible for AMI 
showed a more severe narrowing after AMI than on the 
first angiogram (e.g., progression of stenosis from 51 to 
70% on the first angiogram to 71 to 90% after AMI). 
Finally, we evaluated the relation between degree of ste- 
nosis in the culprit segment on the first film and time 
between the first angiogram and AMI. 

When we studied the relation between degree of ste- 
nosis in the culprit segment and time between the first 
angiogram and AMI (Table II), we made 4 time cate- 





TABLE II Degree of Stenosis in the Culprit Segment on the 
First Angiogram, and Its Relation to Time Between First 
Angiogram and Myocardial Infarction 


No. of 


<20% 21-50% 51-70% 71-90% Pts. 


O to 10 months 
11 to 26 months 
27 to 50 months 
>51 months 
Total 


gories so that we had the same number of patients in 
each category. 

Statistical analysis: The unpaired ¢ and Wilcoxon 
tests were used to compare continuous data between 
groups. Chi-square analysis and the Fisher exact test for 
small numbers were performed to compare categorical 
data. To analyze the relation between degree of stenosis 
in the culprit segment and time between the first angio- 
gram and AMI, the Kruskal-Wallis test was used. We 
also performed a time-dependent analysis according to 
the Cox proportional hazard regression analysis. A p 
value «0.05 was considered as the minimal level of sta- 
tistical significance. 


RESULTS 

The characteristics of the 92 patients are summa- 
rized in Table I. The great majority of the patients 
(95%) were men (mean age 56 + 9 years at the time of 
AMI). Median time between the first angiogram and 
AMI was approximately 2 years, and between AMI 
and the second angiogram approximately 2 weeks. 

On the first angiogram, 61% of the patients already 
showed an abnormal left ventricular function with 21 
hypo- or akinetic segment related to a prior AMI. How- 
ever, coronary arterial disease was not very advanced, 
because in 89% of the cases <2 main coronary arter- 
ies were narrowed by >50%. The segment responsible 
for future AMI was significantly stenosed (narrowing 
>50% of diameter) on the first angiogram in only 20 of 
92 patients (2290). The most stenotic segment with nor- 
mal function showed a significant stenosis in 46 patients 
(50%). 

On the second angiogram, AMI had occurred in the 
previously most severe stenosis in only 32% of the cases. 
However, the relative risk that the most severe stenosed 
segment caused an AMI compared with that of any of 
the other 14 segments was about 5. Progression of the 
stenosis leading to AMI was observed in nearly all pa- 
tients (98%). Moreover, this stenosis was significant in 
almost all cases (98%). 

The stenosis in the culprit segment was of a higher 
degree in the first angiogram when time between the 
first film and AMI was shorter (p = 0.004) (Table II). 
Time-dependent analysis revealed that the regression 
coefficient was significant (p — 0.0003) only for the de- 
gree of stenosis in the culprit segment on the first angio- 
gram, confirming that time between the first angiogram 
and AMI was shorter for culprit stenoses of higher de- 
grees. For the other variables considered (age, normal 
or abnormal left ventricular function, and degree of 
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TABLE Ill. Comparison of Patients with Myocardial Infarction Related or Unrelated to the 
Most Stenotic Segment on the First Angiogram 









Unrelated 
(n = 63) 


Related 


(n = 29) p Value 































maximal stenosis with normal function on first film), 
time-dependent analysis showed no significant findings. 

Table III indicates the differences observed between 
patients with AMI related to the previously most severe 
stenosis and other patients. Median time between the 
first angiogram and AMI was significantly shorter 
when AMI occurred in the previously most stenotic seg- 
ment (22 vs 28 months; p = 0.04). After dividing the 
stenoses in 2 categories (> and <50%), we noted a ten- 
dency for more severe narrowing in the segment respon- 
sible for future AMI when AMI was related to the most 
severe stenotic segment (p = 0.01), but severity of the 
narrowing was a poor predictor of subsequent AMI. 
Progression of coronary arterial disease was important 
for both groups. The other parameters did not show sta- 
tistical differences. 

In comparing the characteristics of patients with 
normal and abnormal left ventricular function on the 
first angiogram, we found no significant difference 
apart from the number of diseased vessels, which was 
more important in cases of abnormal left ventricular 
function. 


DISCUSSION 

To examine the evolution of coronary arterial dis- 
ease, we elected to use the end point AMI rather than 
coronary occlusion, because of its clinical significance 
and the spontaneous reperfusion that often takes place 
within the first month after AMI.’ 

There are several limitations to this study. First, it is 
a retrospective study of selected patients who had a first 
angiogram for clinical reasons, and no consecutive angi- 
oplasty or bypass surgery. The tendency to treat lesions 
that appear threatening on a first angiogram with angi- 
oplasty or bypass surgery introduces a bias. 

Second, visual assessment of stenoses presents the 
well-known inter- and intraobserver variability that is 


Age (yr) 56 + 7 55+ 10 NS 
Time of first film to AMI 22 (1-94) 28 (1-144) 0.04 
(mos) M (M1—M2) M (M1—M2) 
Time of AMI to second 15 (0-197) 15 (0-125) NS 
film (days) M (M1—M2) M (M1-M2) 
Sex Men 25 (86%) 62 (98%) 
Ventriculography 1 Normal 13 (45%) 23 (37%) NS 
Abnormal 16 (55%) 40 (63%) 
No. of diseased vessels on 0 8 (27%) 9 (14%) NS 
first film 1 11 (38%) 27 (43%) 
2 6 (21%) 21 (33%) 
3 4 (14%) 6 (10%) 
Maximal stenosis with < 50% 18 (62%) 28 (44%) NS 
normal function (first > 50% 11 (38%) 35 (56%) 
film) 
Stenosis responsible for <50% 18 (62%) 54 (86%) 0.01 
future AMI (first film) > 50% 11 (38%) 9 (14%) 
Stenosis responsible for < 50% 1 (3%) 1 (2%) NS 
AMI (second film) > 50% 28 (97%) 62 (98%) 
Progression of stenosis + 27 (93%) 63 (100%) NS 
responsible for AMI 0 2 (7%) O (096) 


NS = not significant; other abbreviations as in Table |. 






greatest with moderate stenoses.°*? To diminish this 
risk of error, the films were reviewed by 2 observers, 
and the stenoses were divided into 5 categories. Subjec- 
tive evaluation of coronary morphology is reasonably re- 
producible,!? and the estimated percentage of the diam- 
eter of a stenosed artery remains the best simple clinical 
index to define the severity of a coronary lesion.!! 

Third, the assessment of disease progression could 
not be performed in a blinded fashion, because the films 
were projected in parallel to assure precise lesion alloca- 
tion to the different segments. 

Our results indicate that in keeping with the data of 
Little et al,!2 AMI occurs in relation to the previously 
most stenotic lesion only in approximately one third of 
cases. However, because we defined 15 coronary seg- 
ments, the segment with the most severe stenosis was 
always outnumbered by the remainder of segments by 
the factor 14. Thus, the relative risk of the segment with 
the most severe stenosis to be responsible for a subse- 
quent AMI is about 5 times that of any other individual 


number of patients 


«205 21-505 51-705 71-90% »905 


stenosis 





FIGURE 1. Distribution of stenoses in coronary segment re- 
sponsible for subsequent myocardial infarction in 92 patients. 
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segment, although it is only one third of the pooled risk 
of the other segments. These results confirm the previ- 
ously described fact that AMI occurs predominantly 
(78% of cases) because of a previously nonsignificant 
stenosis. ? 

In cases with AMI related to the most severely ste- 
nosed segment on previous angiography, we noted that: 
(1) time between the first angiogram and AMI was sig- 
nificantly shorter than for patients with AMI related to 
another segment, and (2) the stenosis in the culprit seg- 
ment was more severe on the first angiogram. However, 
overall severity of the lesion on the first angiogram was 
a poor predictor of subsequent AMI, as shown by the 
great number of normal or <20% stenosed culprit seg- 
ments (Figure 1). 

Angiographic progression of coronary arterial dis- 
ease is puzzling.!^ Some investigators found that coro- 
nary arterial disease progression occurred mainly at 
sites of previous lesions.'!5 Other investigators found 
that progression cannot be predicted and also occurred 
in only slightly stenosed or even normal coronary ves- 
sels.!21216 Furthermore, the definition of progression 
varies.!" Some reports noted that nonocclusive progres- 
sion of coronary arterial disease could be predicted by 
initial severity of the stenosis and, to a lesser degree, by 
the time interval between 2 consecutive angiograms, ^4 
and that progression of coronary arterial disease to oc- 
clusion was predicted by severity of the initial le- 
sion.258.19 However, for occlusive and nonocclusive dis- 
eases, Little et al'? and Bemis et al,!6 respectively, 
found no correlation with severity and time between 2 
angiograms. 

The coronary segment responsible for a subsequent 
AMI frequently presents a stenosis of approximately 
50%. Such a stenosis seldom induces ischemia in daily 
life. However, once such a stenosis is detected by coro- 
nary angiography, the therapeutic approach is contro- 
versial. Angioplasty of a segment stenosed <60% pro- 
duces good results, but it is controversial owing to the 
risk of acute occlusion. Even more importantly, angio- 
plasty may accelerate the process of coronary arterial 
disease, because of its documented restenosis rate of 
30 to 40%. For bypass surgery, it has been described 
that in arteries with <50% stenosis, progression of ath- 
erosclerosis is more important in grafted than nongraft- 
ed vessels.?! 

Apart from the diameter of a stenosed vessel exam- 
ined in this study, its morphologic characteristics have 
an important role in the development of coronary arteri- 
al disease. In the case of an ulcerated stenosis, the rate 
of progression is greater, and an ulceration index has 
been proposed to define high-risk patients.?? Complicat- 
ed arteriosclerotic stenoses with irregular borders or 
intraluminal lucencies are more prone to thrombosis 
leading to AMI.?*?^ The length and roughness of a le- 
sion are good predictors of AMI, probably owing to 
their propensity for thrombosis.?5 
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Titrate as necessary to a maximum of 40 mg t.i.d 


Brief Summary 


nicardipine HCI 


Capsules For oral use 
MECHANISM OF ACTION: CARDENE is a calcium 


entry blocker which inhibits the transmembrane influx of 
calcium ions into cardiac muscle and smooth muscle without 
changing serum calcium concentrations. The contractile 
processes of cardiac muscle and vascular smooth muscle are 
dependent upon the movement of extracellular calcium ions 
into these cells through specific ion channels. The effects of 
CARDENE are more selective to vascular smooth muscle than 
cardiac muscle. In animal models, CARDENE produces 
relaxation of coronary vascular smooth muscie at drug levels 
which cause little or no negative inotropic effect 


CONTRAINDICATIONS: Patients with hypersensitiv- 
Ity to the drug. Because part of the effect of CARDENE is 
secondary to reduced afterload, the drug is also contraindi- 
cated in patients with advanced aortic stenosis 


WARNINGS: Increased Angina: About 7% of patients 
in short term placebo-controlled angina trials have developed 
increased frequency, duration or severity of angina on 
starting CARDENE or at the time of dosage increases, 
compared with 496 of patients on placebo. Comparisons with 
beta-blockers also show a greater frequency of increased 
angina, 496 vs 196. The mechanism of this effect has not been 
established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: 
Although preliminary hemodynamic studies in patients with 
congestive heart failure have shown that CARDENE reduced 
afterload without impairing myocardial contractility, it has a 
negative inotropic effect in vitro and in some patients 
Caution should be exercised when using the drug in conges- 
uve heart failure patients, particularly in combination with a 
beta-blocker 


Beta-Blocker Withdrawal: C ARDENE is not a beta- 
blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal; any such withdrawal should 
be by gradual reduction of the dose of beta-blocker, prefera- 
bly over 8—10 days 


PRECAUTIONS: General: Blood Pressure: Careful 
monitoring of blood pressure during the initial administration 
and titration of CARDENE ts suggested. CARDENE may 
occasionally produce symptomatic hypotension. Caution is 
advised to avoid systemic hypotension when administering 
the drug to patients who have sustained an acute cerebral 
infarction or hemorrhage. Because of prominent effects at the 
time of peak blood levels, initial titration should be performed 
with measurements of blood pressure at trough (just before 
the next dose) and at peak effect (1— 2 hours after dosing) 


Use in patients with impaired hepatic function: The 
drug should be used with caution in patients having impaired 
liver function or reduced hepatic blood flow. Patients with 

severe liver disease developed elevated blood levels (4-fold 
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increase in AUC) and prolonged half-life (19 hours) of 
CARDENE 


Use in patients with impaired renal function: Mean 
plasma concentrations, AUC, and Cmax were approximately 
2-foid higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted 


Drug Interactions: Cimetidine. Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored 


Digoxin. Some calcium blockers may increase the concentra- 
tion of digitalis preparations in the blood. CARDENE usually 
does not alter the plasma levels of digoxin, however, serum 
digoxin levels should be evaluated after concomitant therapy 
with CARDENE is initiated 


Maalox. Co-administration of Maalox TC had no effect on 
CARDENE absorption 


Fentanyl Anesthesia: Severe hypotension has been reported 
during fentanyl anesthesia with concomitant use of a 
beta-blocker and a calcium channel blocker. Even though 
such interactions were not seen during clinical studies with 
CARDENE, an increased volume of circulating fluids might be 
required if such an interaction were to occur 


Cyclosporine: Concomitant administration of CARDENE and 
cyclosporine results in elevated plasma cyclosporine levels 
Plasma concentrations of cyclosporine should therefore be 
closely monitored, and its dosage reduced accordingly, in 
patients treated with CARDENE 


When therapeutic concentrations of furosemide, propranolol 
dipyridamole, warfarin, quinidine, or naproxen were added to 
human plasma (in vitro), the plasma protein binding of 
CARDENE was not altered 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Rats treated for 2 years had a dose-dependent 
increase in thyroid hyperplasia and neoplasia. Mice treated 
for 18 months had no neoplasia or thyroid changes and dogs 
treated for 1 year had no thyroid pathology. There is no 
evidence of effects on thyroid function (plasma T4, TSW) in 
man. There was no evidence of mutagenic potential in a 
battery of tests, and no impairment of fertility in male or 
female rats 


Pregnancy: Pregnancy Category C: There are no adequate 
and well-controlled studies in pregnant women. CARDENE 
should be used during pregnancy only if the potential benefit 
Justifies the potential risk to the fetus 


Nursing Mothers: It is recommended that women who 
wish to breast-feed should not take this drug 


Pediatric Use: Safety and efficacy in patients under the age 
of 18 have not been established 


Use in the Elderly: Pharmacokinetic parameters did not 
differ between elderly hypertensive patients ( >65 years) and 
healthy controls after one week of CARDENE 20 mg TID 
Plasma CARDENE concentrations in elderly hypertensive 
patients were similar to plasma concentrations in healthy 
young adult subjects when CARDENE was administered at 
doses of 10, 20 and 30 mg TID, suggesting that the pharma- 
cokinetics of CARDENE are similar in young and elderly 
hypertensive patients. No significant differences in responses 
to CARDENE have been observed in elderly patients and the 
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general adult population of patients who participated in 
clinical studies 


ADVERSE REACTIONS: in short-term (up to three 
months) studies 1,910 patients received CARDENE alone or in 
combination with other drugs. In these studies, adverse 
events were generally not serious but occasionally required 
dosage adjustment. Peak responses were not observed to be 
associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
with decreases in blood pressure (tachycardia, hypotension, 
etc.) could occur around the time of the peak effect 


Angina: The most common adverse events include pedal 
edema and dizziness in about 796 of patients; headache, 
asthenia, flushing and increased angina in about 696; 
palpitations in about 396; and nausea and dyspepsia in about 
2%. Adverse events occurring in about 196 of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
constipation, dyspnea, abnormal ECG, malaise, nervousness 
and tremor occurred in less than 196 of patients. 


In addition, adverse events were observed which are not 
readily distinguishable from the natural history of the 
atherosclerotic vascular disease in these patients. Adverse 
events in this category each occurred in — 0.496 of patients 
receiving CARDENE and included myocardial infarction, 
atrial fibrillation, exertional hypotension, pericarditis, heart 
block, cerebral ischemia and ventricular tachycardia. It is 
possible that some of these events were drug-related. 


Hypertension: The most common adverse events include 
flushing in about 10% of patients; headache and pedal edema 
in about 8%; asthenia, palpitations and dizziness in about 4%: 
tachycardia in about 3%; nausea in about 2%; and somno- 
lence in 1%. Dyspepsia, insomnia, malaise, other edema, 
abnormal dreams, dry mouth, nocturia, rash and vomiting 
occurred in less than 1% of patients 


Additionally, the following rare events have been reported: 
infection, allergic reaction, hypotension, postural hypoten- 
sion, atypical chest pain, peripheral vascular disorder, 
ventricular extrasystoles, ventricular tachycardia, sore throat, 
abnormal liver chemistries, arthralgia, hot flashes, vertigo, 
hyperkinesia, impotence, depression, confusion, anxiety, 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred vision, 
increased urinary frequency 
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Effect on Prognosis of Abolition of 
Exercise-Induced Painless Myocardial 
Ischemia by Medical Therapy 


Richard Lim, MRCP, Lorraine Dyke, and Duncan S. Dymond, MD 





During exercise radionuclide ventriculography, 
many patients with coronary artery disease exhib- 
it painless myocardial ischemia defined as an ab- 
normal left ventricular ejection fraction response 
without accompanying angina. To see if complete 
suppression of such exercise-induced painless 
ischemia by anti-ischemic medication implies a 
better prognosis in medically treated coronary ar- 
tery disease, 34 patients underwent repeat testing 
at 4 weeks receiving regular conventional therapy 
that rendered angina no worse than class I. With 
such therapy, painless ischemia was abolished in 
12 patients (group I) and persisted in 22 (65%, 
group li). Both groups were similar in age, number 
of diseased vessels, proportion with previous myo- 
cardial infarction, exercise ejection fraction, and 
degree of exercise-induced painless ischemia at 
baseline. At 9 months, adverse events had oc- 
curred in 11 patients (2 patients with myocardial 
infarction, 4 with unstable angina, 2 with angio- 
plasty and 3 with bypass surgery). Only 1 of 12 
patients (8%) in group I had experienced events 
compared with 10 of 22 (45%) in group II (chi- 
square, 5.4; p «0.025; 95% confidence interval, 
12 to 6196). Thus, the relative risk of adverse 
events in patients whose painless ischemia was 
abolished was only 1896 of that in patients in 
whom it was persistent. These results suggest 
that (1) the abolition of exercise-induced pain- 
less ischemia by conventional symptom-dictated 
medical therapy confers a better short-term prog- 
nosis in medically treated coronary artery disease, 
and (2) therapeutic efficacy may need to be as- 
sessed by titration against ischemia and not 
against angina. 

(Am J Cardiol 1992;69:733-735) 
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lent or painless myocardial ischemia, whether 

spontaneous!-? or exercise-induced,°* is associ- 
ated with adverse outcome in various subgroups with 
coronary artery disease. Recent interest has therefore 
focused on whether treatment of such ischemia has 
prognostic implications.?!? However, despite numerous 
reports!!-!5 on the effects of antianginal medications on 
painless ischemia, the question remains: Does treatment 
or abolition of painless ischemia improve the patient's 
prognosis? We have therefore prospectively examined 
whether eliminating exercise-induced painless ischemia 
by conventional symptom-dictated antianginal therapy 
is associated with improved prognosis compared with its 
persistence despite such therapy. 


F vidence is accumulating that the occurrence of si- 


METHODS 

Subjects: After coronary arteriography performed 
because of a history of chest pain or a positive postin- 
farction exercise electrocardiogram, 61 patients were 
recommended to continue with medical treatment on 
the basis of minimal angina and arteriographic disease 
that did not demand early revascularization. However, 
all had significant coronary artery disease visually de- 
fined as 250% luminal diameter stenosis in 21 major 
artery amenable to revascularization. All patients had 
already been taking antianginal medication chosen by 
their physician from the usual range of conventional 
agents. Such medication was interrupted for 4 days for 
exercise radionuclide ventriculography performed with- 
in 6 weeks after arteriography. No patient had angina 
during this temporary period without medication. 

At this initial radionuclide ventriculography, 34 sub- 
jects (29 men, mean age 58 years, range 31 to 71) ex- 
hibited painless ischemia and thus qualified for further 
study. Significant narrowing was present in | coronary 
artery in 10 patients, in 2 arteries in 16 patients, and in 
3 arteries in 8 patients. None had significant left main 
stem narrowing, heart failure, left bundle branch block, 
atrial fibrillation or valvular disease. 

Exercise radionuclide ventriculography: This was 
performed with the first-pass technique!^ using the 
Scinticor multicrystal gamma camera system (Scinticor 
Inc, Milwaukee, Wisconsin). Maximal symptom-limited 
graded upright exercise on a Fitron cycle ergometer was 
limited by leg fatigue in most patients. Painless isch- 
emia was defined as a decrease in global left ventricular 
ejection fraction from rest to exercise in the absence of 
pain in the upper half of the body. For the purpose of 
this study in patients with documented coronary artery 
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disease, regional ventricular abnormalities were not in- 
cluded in the analysis. 

Anti-ischemic treatment was resumed after the ini- 
tial radionuclide ventriculography and maintained dur- 
ing repeat testing at 4 weeks. During this period, no 
patient had angina worse than Canadian Cardiovascu- 
lar Society class I or required adjustment of medica- 
tions. Exercise was performed to the duration and work 
load previously achieved. 

Follow-up: Telephone contact with all patients was 
conducted at 3-month intervals until study termination 
at 9 months, when a 12-lead electrocardiogram was also 
recorded to look for new pathologic Q waves. The fol- 
lowing adverse events constituted study end points: (1) 
cardiac death or failed sudden death, (2) myocardial 
infarction, (3) revascularization for significant symp- 
toms, and (4) unstable angina necessitating hospitaliza- 
tion. Events were verified by reference to medical rec- 
ords. 

Statistical analysis: The primary outcome measure 
was an aggregate of the aforementioned end points and 
was analyzed according to whether painless ischemia 
was abolished by medication or persisted despite medi- 
cation. The relative risk and odds ratio for adverse out- 
come were calculated. Chi-square and unpaired ¢ testing 
were performed to compare the groups in which pain- 
less ischemia was abolished or persistent, with respect to 
variables previously shown to have independent prog- 
nostic value. A p value <0.05 was considered statistical- 
ly significant. 


RESULTS 

During radionuclide ventriculography with patients 
taking medication, 12 no longer had painless ischemia 
(group I) and 22 (65%) continued to have painless isch- 
emia (group II). Both groups were similar in age, num- 
ber of significantly narrowed coronary arteries and 
proportion with a history of myocardial infarction or 
hypertension. There was also no significant baseline dif- 
ference between groups I and II in the mean (+ stan- 
dard deviation) exercise ejection fraction (38 + 12% vs 


Number of Patients + P <0.025 
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FIGURE 1. Relative risk (RR) of adverse cardiac events ac- 
cording to whether painless ischemia was abolished by or con- 
tinued despite anti-ischemic therapy. 





38 + 9%) or degree of painless ischemia induced by 
exercise (decrease in ejection fraction 8 + 4% vs 11 + 
6%). 

At 9-month follow-up, 11 patients (32%) had experi- 
enced adverse events comprising 2 cases of acute myo- 
cardial infarction, 4 of hospital admission for unstable 
angina, and 5 requiring revascularization (2 percutane- 
ous angioplasty and 3 bypass surgery) because of signif- 
icant recurrent angina. No death occurred. Only 1 of 12 
patients (8%) in group I had experienced an adverse 
event compared with 10 of 22 (45%) in group II (chi 
square, 5.4; p <0.025; 95% confidence interval = 12 to 
61%). The odds ratio for adverse events when painless 
ischemia was not eliminated was 9.2 (95% confidence 
interval, 1.04 to 79.5). When painless ischemia was 
controlled with medication, the relative risk of nonfatal 
adverse cardiac events was only 18% of that when it 
was persistent despite medication (i.e., an improvement 
more than fivefold) (Figure 1). 


DISCUSSION 

The control of angina by medication has probably 
improved, but the importance of painless ischemia is in- 
creasingly recognized. However, it is not known wheth- 
er such painless ischemia, per se, requires treatment or 
whether it merely reflects potential instability of coro- 
nary atheromatous lesions and is thus simply a marker 
of high-risk disease. If the latter is true, mechanical re- 
vascularization may be necessary to prevent adverse 
clinical events; if the former is true, anti-ischemic medi- 
cations may afford adequate protection against isch- 
emia-related events. 

Our study reports on patients already receiving con- 
ventional symptom-driven anti-ischemic medication. In 
this small study, we have documented systematically for 
the first time that complete suppression of exercise-in- 
duced painless ischemia by such treatment is associated 
with a better nonfatal short-term outcome. Nearly half 
of our patients with persistent painless ischemia had ex- 
perienced an ischemic event within 9 months, compared 
with a low incidence of <10% among those who no 
longer had such ischemia when tested while still taking 
their regular treatment. Thus, the latter group was 5 
times less likely to have an adverse event in the short 
term. The overall event rate of 32% was partly due to 
our subjects being highly selected. After coronary arte- 
riography, they were considered as part of a low-risk 
group because of minimally symptomatic, noncritical, 
although significant, anatomic disease, and were there- 
fore recommended to continue medical treatment. How- 
ever, all 34 patients subsequently demonstrated induci- 
ble ischemia during radionuclide ventriculography per- 
formed without medication specifically for the study. 

This suggests that in our practice, up to one third of 
all patients with coronary artery disease who are recom- 
mended for medical treatment after arteriography may 
in fact remain at short-term risk if they have a demon- 
strable ischemic burden despite minimal angina. We 
have found that such patients tend to have residual ex- 
ercise-induced painless ischemia despite clinically ade- 
quate antianginal therapy. Such persistent ischemia im- 
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plies continuing vulnerability to ischemic events, which 
appears to be significantly reduced if it can be sup- 
pressed by conventional medical therapy. Our study also 
provides preliminary nonrandomized evidence to sup- 
port a strategy of optimizing medical therapy to abolish 
ischemia and not just angina. However, the hypothesis 
remains to be proved that painless ischemia which per- 
sists despite “maximum” medical therapy identifies the 
patients at highest risk. A randomized study is needed 
to show that additional treatment specifically directed 
at ischemia that persists despite clinically adequate 
conventional background medication further improves 
prognosis. 

That subjective symptoms are a poor indicator of 
myocardial ischemia??? and thus probably an inade- 
quate guide to management suggests the need to consid- 
er objective individualized assessment of the “cardiopro- 
tective" efficacy of medical treatment. This may be 
amenable to testing by radionuclide ventriculography, 
exercise electrocardiography or ambulatory ST-segment 
monitoring. It is not established that using continuous 
ambulatory monitoring to guide treatment has any 
prognostic advantage over the arguably more conve- 
nient exercise tests, particularly because there is evi- 
dence that ambulatory ischemia is uncommon when no 
ischemia is inducible during exercise testing ^49?! 
However, it is conceivable that anti-ischemic treatment 
which fails to suppress painless ischemia induced by 
maximal exercise may in fact succeed in abolishing 
spontaneous ischemia. The prognostic implications of 
complete or partial suppression of ischemia and whether 
painless ischemia can be stratified for risk merit investi- 
gation. Finally, because any prognostic test has a time- 
limited value given the progressive tendency and inher- 
ent unpredictability of coronary disease, how regularly 
such testing should occur needs to be defined. 


REFERENCES 

1. Nademanee K, Intarachot V, Josephson MA, Rieders D, Mody FV, Singh BN. 
Prognostic significance of silent myocardial ischemia in patients with unstable 
angina. J Am Coll Cardiol 1987;10:1-9. 

2. Gottlieb SO, Weisfeldt ML, Ouyang P, Mellits ED, Gerstenblith G. Silent 
ischemia predicts infarction and death during 2 year follow-up of unstable angina. 
J Am Coll Cardiol 1987;10:756-760. 


3. Tzivoni D, Gavish A, Zin D, Gottlieb S, Moriel M, Keren A, Banai S, Stern S. 
Prognostic significance of ischemic episodes in patients with previous myocardial 
infarction. Am J Cardiol 1988;62:661-664. 

4. Rocco MB, Nabel EG, Campbell S, Goldman L, Barry J, Mead K, Selwyn AP. 
Prognostic importance of myocardial ischemia detected by ambulatory monitor- 
ing in patients with stable coronary artery disease. Circulation 1988;78:877-884. 
5. Deedwania PC, Carbajal EV. Silent ischemia during daily life is an indepen- 
dent predictor of mortality in stable angina. Circulation 1990;81:748-756. 

6. Weiner DA, Ryan TJ, McCabe CH, Luk S, Chaitman BR, Sheffield LT, 
Tristani F, Fisher LD. Significance of silent myocardial ischemia during exercise 
testing in patients with coronary artery disease. Am J Cardiol 1987;59:725-729. 
7. Breitenbucher A, Pfisterer M, Hoffmann A, Burckhardt D. Long-term follow- 
up of patients with silent ischemia during exercise radionuclide angiography. J 
Am Coll Cardiol 1990;15:999-1003. 

8. Gasperetti CM, Burwell LR, Beller GA. Prevalence of and variables associated 
with silent myocardial ischemia on exercise thallium-201 stress testing. J Am Coll 
Cardiol 1990;16:115-123. 

9. Pepine CJ. Is silent ischemia a treatable risk factor in patients with angina 
pectoris? Circulation 1990;82 (suppl ID:II-135-11-142. 

10. Cohn PF. Should silent ischemia be treated in asymptomatic individuals? 
Circulation 1990;:82(suppl 11):II-149-11-154. 

11. Schang SJ Jr, Pepine CJ. Transient asymptomatic S-T segment depression 
during daily activity. Am J Cardiol 1977;39:396-402. 

12. Borer JS, Bacharach SL, Green MV, Kent KM, Johnston GS, Epstein SE. 
Effect of nitroglycerin on exercise-induced abnormalities of left ventricular re- 
gional function and ejection fraction in coronary artery disease. Assessment by 
radionuclide cineangiography in symptomatic and asymptomatic patients. Circu- 
lation 1978;57:314-320. 

13. Imperi GA, Lambert CR, Coy K, Lopez L, Pepine CJ. Effects of titrated beta 
blockade (metoprolol) on silent myocardial ischemia in ambulatory patients with 
coronary artery disease. Am J Cardiol 1987;60:519-524. 

14. Cohn PF, Vetrovec GW, Nesto R, Gerber FR. The Nifedipine-Total Isch- 
emia Awareness Program: a national survey of painful and painless myocardial 
ischemia including results of antiischemic therapy. Am J Cardiol 1989:63: 
534-539. 

15. Stone PH, and the ASIS Study Group. Comparison of propranolol, diltiazem, 
and nifedipine in the treatment of ambulatory ischemia in patients with stable 
angina. Differential effects on ambulatory ischemia, exercise performance, and 
anginal symptoms. Circulation 1990;82:1962-1972. 

16. Zaret BL, Berger HJ. First-pass and equilibrium radionuclide angiocardiog- 
raphy for evaluating ventricular performance. In: Simoons ML, Reiber JHC, eds. 
Nuclear Imaging in Clinical Cardiology. Boston: Martinus Nijhoff, 1984: 
125-151. 

17. Deanfield JE, Maseri A, Selwyn AP, Ribeiro P, Chierchia S, Krikler S, 
Morgan M. Myocardial ischaemia during daily life in patients with stable angina: 
its relation to symptoms and heart rate changes. Lancet 1983;2:753-58. 

18. Quyyumi AA, Wright CM, Mockus LJ, Fox KM. How important is a history 
of chest pain in determining the degree of ischaemia in patients with angina 
pectoris? Br Heart J 1985;54:22-26. 

19. Campbell S, Barry J, Rocco MB, Nabel EG, Mead-Walters K, Rebecca GS, 
Selwyn AP. Features of the exercise test that reflect the activity of ischemic heart 
disease out of hospital. Circulation 1986;74:72-80. 

20. Mulcahy D, Keegan J, Sparrow J, Park A, Wright C, Fox K. Ischemia in the 
ambulatory setting — the total ischemic burden: relation to exercise testing and 
investigative and therapeutic implications. J Am Coll Cardiol 1989;14: 
1166-1172. 

21. Panza JA, Quyyumi AA, Diodati JG, Callahan TS, Epstein SE. Prediction of 
the frequency and duration of ambulatory myocardial ischemia in patients with 
stable coronary artery disease by determination of the ischemic threshold from 
exercise testing: importance of the exercise protocol. J Am Coll Cardiol 
1991;17:657-663. 


MEDICAL TREATMENT OF PAINLESS ISCHEMIA 735 


Usefulness of Serum Lipoprotein (a) as a 
Predictor of Restenosis After Percutaneous 
Transluminal Coronary Angioplasty 
James A. Hearn, MD, Bryan C. Donohue, MD, Hisham Ba'albaki, MD, 


John S. Douglas, MD, Spencer B. King Ill, MD, Nicholas J. Lembo, MD, 
Gary S. Roubin, MD, PhD, and Demetrios S. Sgoutas, PhD 


Serum lipoprotein (a) (Lp[a]) has been associated 
with coronary artery atherosclerosis. Its associa- 
tion with restenosis after percutaneous translu- 
minal coronary angioplasty (PTCA) has not been 
previously studied. Serum levels of Lp(a), in addi- 
tion to other lipoproteins, and their components 
using standard assays, were determined in sub- 
jects undergoing cardiac catheterization within 10 
months after PTCA. Clinical (e.g., sex, diabetes, 
angina class) and angiographic (e.g., PTCA per- 
cent diameter reduction) factors were not different 
between the group without (diameter reduction 
«5076; group A) and the group with (diameter re- 
duction >50%; Group B) restenosis. Total choles- 
terol, triglycerides, high- and low-density lipopro- 
tein cholesterol, apolipoprotein A-I, apolipoprotein 
B and Lp(a) were compared. Univariate predictors 
of restenosis were serum triglycerides (2.50 + 
1.07 mmol/liter for group A vs 1.72 + 0.79 + 
mmol/liter for group B, p = 0.008), and Lp(a) (me- 
dian: 7.0 mg/dl [range O to 44] for group A vs 19 
mg/dl [range 1 to 120] for group B; p = 0.006). 
Stepwise logistic regression revealed the only sig- 
nificant independent predictor of restenosis to be 
serum Lp(a) (p = 0.018). Each quintile of Lp(a) 
was associated with a progressively higher risk of 
restenosis, with the highest quintile (40 to 120 
mg/dl) having an odds ratio of 11 (95% confi- 
dence interval 9 to 13) compared with the lowest 
quintile (0 to 3.9 mg/dl) (p = 0.033). A serum 
Lp(a) of >19 mg/dl was associated with an odds 
ratio of 5.9 (95% confidence interval 4.6 to 7.2) 
(restenosis rates of 58% in the group with 0 to 19 
mg/dl and 89% in the group with 19 to 120 
mg/dl; p = 0.006). Hence, serum Lp(a) appears to 
be a potent predictor of restenosis in subjects re- 
turning for coronary arteriography after PTCA. 
(Am J Cardiol 1992;69:736-739) 
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(PTCA) has been shown to be effective at reliev- 
ing myocardial ischemia in patients with coro- 
nary artery disease.! Its major limitation is restenosis, 
which occurs in approximately 3096 of lesions with sub- 
sequent requirement for further revascularization in the 
form of repeat PTCA or coronary artery bypass graft- 
ing.^ Whereas serum cholesterol and other lipoproteins 
may be important in the development of coronary artery 
disease, their role in coronary restenosis remains un- 
clear. Previous analysis of apolipoprotein (apo) A-I 
and apo B, revealed no significant association of any 
lipid with coronary restenosis. Serum lipoprotein (a) 
(Lp[a]) has not been previously reported after PTCA. 
Lp(a) is a low-density lipoprotein (LDL)-like lipo- 
protein that is characterized by its specific apo(a). 
Apo(a) is bound by disulfide linkage to apo Bio in the 
shell of the LDL particle.^5 Previous reports have estab- 
lished that elevated Lp(a) is a predictor of myocardial 
infarction,?? angiographic coronary artery disease, !.!? 
and vein graft stenosis after bypass procedures.!3 
Apo(a) has been demonstrated to be histochemically lo- 
calized to diseased vein grafts,!^ and to human coronary 
arteries.!? Interest has been focused on Lp(a) through 
the recent finding of a close homology to plasminogen 
and the speculation that Lp(a) inhibits fibrinolysis by 
competing with tissue-type plasminogen activator!6 and 
plasminogen,!’ for fibrin binding. Another possibility is 
inhibition of local tissue plasminogen activator secretion 
from endothelial cells.!5 We undertook this observation- 
al study to determine if serum Lp(a) had any predictive 
value for restenosis. 


Dies» transluminal coronary angioplasty 


METHODS 

Patients: Sixty-nine patients having had PTCA 
within the preceding 1 week to 10 months returned 
(85% with recurrent angina) for diagnostic cardiac 
catheterization and coronary arteriography to deter- 
mine the presence of coronary restenosis, defined as 
250% diameter obstruction in a previously dilated coro- 
nary arterial segment. This group does not include pa- 
tients who returned to Emory University Hospital for 
restenosis and who underwent cardiac catheterization at 
their referring hospital or patients who returned in re- 
sponse to acute events such as myocardial infarction. 

Fasting lipid samples were obtained before any 
heparinization or intravascular contrast administration 
since the effects of these agents on serum Lp(a) are 
unknown. Exclusion criteria were cigarette smokers, 
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TABLE I Demographic and Clinical Characteristics 


Group A Group B p Value 


Restenosis 
No. of patients 
Age (yr) 
Men/women 
Systemic hypertension (76) 12 (60) 
Diabetes mellitus (76) 4 (20) 
Positive family history 
of CAD (76) 10 (50) 27 (55) 

Vein grafts (%) 2 (10) 4 (8) 
Total occlusions (%) 0 (0) 8 (16) 
Angina class 2.9+1.5 2.8+1.4 
No. of diseased vessels 1.45 + 0.69 1.35+0.63 
Prior PTCA at site 1.552 1.05 1.22 € O.51 
Pre-PTCA % diameter 75+9 76-£ 15 
Post-PTCA % diameter 21 £10 21 311 
Follow-up % diameter 25+ 14 74 £14 

Values are expressed as mean + SD. 

CAD = coronary artery disease; NS = not statistically significant at 95% confidence 


limits; PTCA = percutaneous transluminal coronary angioplasty; + = present; O = 
absent. 


<0.0001 


black patients (due to known differences in Lp(a) con- 
centration and distribution) and patients treated for 
dyslipoproteinemias. Clinical history and physical ex- 
amination were performed on each patient and prospec- 
tively entered into a computerized data base used at 
Emory University Hospital. Patients volunteered to par- 
ticipate in the study and signed a statement of informed 
consent approved by the Human Investigations Institu- 
tion Review Board of Emory University. 

Coronary arteriography: Coronary cine arterio- 
grams were reviewed by an experienced angiographer 
unaware of the serum lipid results. Stenoses at sites of 
previous dilatation, judged from a 22-segment coronary 
artery diagram, were measured using digital electronic 
calipers (Sandhill, Inc.) in 2 nearly orthogonal views 
with the catheter dimensions used as an internal correc- 
tion for magnification. Percent diameter reduction was 
automatically calculated by a 71B model Hewlett-Pack- 
ard hand-held computer. Patients were classified as hav- 
ing restenosis if any site dilated within the previous 2 
weeks to 6 months reached a 250% diameter reduction 
compared with the adjacent normal-appearing segment. 

Serum lipid determinations: Blood samples were 
drawn after a 12-hour fast the morning before cardiac 
catheterization and serum was separated within 1 to 2 
hours by low speed centrifugation. Total cholesterol was 
determined!? with an intraassay and interassay coeffi- 
cient of variation of <3% and accuracy within 5% of the 
true value of cholesterol analysis. Triglycerides were 
determined!? with intraassay and interassay of 5.1 
and 6.2%, respectively. High-density lipoprotein (HDL) 
cholesterol was determined enzymatically with the same 
method as total cholesterol!? after precipitation of LDL 
and very low density lipoproteins with magnesium phos- 
photungstate. Lipid assays were standardized using con- 
trol materials obtained from the Centers for Disease 
Control, Atlanta, Georgia. Values for LDL cholesterol 
were calculated using the Friedenwald formula.?? Apo 
A-I and apo B were determined by radioimmunoassays 
(Ventrex Laboratories Inc., Portland, Maine).?' Intra- 
and interassay coefficient of variation was 4.2 and 5.8, 





No. of patients 
Cholesterol (mmol/liter) 
Total 5.70 + 1.02 
VLDL 1.12 + 0.49 
LDL 3.47 + 1.05 
HDL 1.06 + 0.26 
Total: HDL ratio §.59 + 1.33 
Triglycerides (mmol/liter) 2.50 + 1.07 
Apo A-I (mg/dl) 99 + 15.6 
Apo B (mg/dl) 135 + 26.8 
Apo B: A-I ratio 1.38 + 0.30 
Lp(a) (mg/dl) 7.0 (0.5—44.0) 


5.16 + 1.12 
0.79 + 0.42* 
3.32 + 0.96 
1.06 « 0.24 
5.04 + 1.42 
1.72% 0:91* 
99 + 17.7 
119 + 30.8 
1.22 + 0.34 
18.8 (1-120)* 


*Significantly different (p < 0.01). 

All values are mean + SD, except for Lp(a), which is the median (range in 
parentheses). 

Apo = apolipoprotein; HDL = high-density lipoprotein; LDL = low-density lipo- 
protein; Lp(a) = lipoprotein (a); VLDL = very low density lipoprotein; + = present; 0 = 
absent. 





respectively. Lp(a) was measured with use of a com- 
mercially available enzyme-linked immunosorbent assay 
(Terumo, Inc.)?? with, within and between assay varia- 
tion of 3.5 and 4.8%, respectively. Human plasminogen 
did not interfere with the assay at concentrations <1 
mg/dl in the undiluted sample. 

Statistical analysis: Serum Lp(a) levels were skewed 
toward lower values as had been noted in other studies. 
Therefore, a Mann-Whitney rank sum test was per- 
formed with a p value <0.05 considered significant with 
the hypothesis that serum Lp(a) was not different be- 
tween patients with or without restenosis. Student's t 
tests were performed on continuous clinical and serum 
variables exhibiting normal distributions. Chi-square or 
Fisher’s exact tests were performed on variables with a 
univariate p value of <0.10. All analyses were per- 
formed using a computerized statistical package (Statis- 
tix™, Version 3.1, Analytical Software, St. Paul, Min- 
nesota). 


RESULTS 

Baseline characteristics: Table I lists the clinical 
characteristics of the study group. The mean number of 
prior PTCAs did not differ in each group, 0.55 in group 
A vs 0.22 in group B (p = not significant [NS]). Num- 
ber of diseased vessels was likewise not different, 1.45 in 
group A vs 1.35 in group B (p= NS). There were 48 
single-site PTCAs (69% of total), 15 two-site PTCAs 
(22% of total), 5 three-site PTCAs, and 1 four-site 
PTCA. The overall restenosis rate in this group of pa- 
tients was 7196. The percent diameter reduction before 
and after PTCA were not significantly different (75 in 
group A vs 76 in group B, and 21 vs 21, respectively, 
p = NS). 

Serum lipids: Table II lists serum lipid values for 
groups A and B. Mean serum cholesterol and HDL 
cholesterol levels between groups A and B were not sig- 
nificantly different. Mean triglyceride levels between 
groups A and B were significantly different (p = 0.003). 
Serum LDL and HDL showed no significant difference. 
The apo B to apo A-I ratio was slightly less during 
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restenosis (1.38 vs 1.22), with a statistical trend 
(p = 0.07). The cholesterol to HDL cholesterol ratio 
was not statistically different (5.59 in group A to 5.04 
in group B, p = NS). However, the median Lp(a) was 
7.0 mg/dl in group A (range 0.5 to 44.0) compared 
with 18.8 mg/dl in group B (p = 0.006). Stepwise logis- 
tic regression using univariate possible predictors (cho- 
lesterol, triglycerides, very low density lipoproteins, apo 
B:apo A ratio, and Lp[a]) revealed that serum Lp(a) 
was the only remaining statistically significant indepen- 
dent predictor of restenosis in this model (p = 0.018). 

Serum Lp(a) was divided into quintiles and a pro- 
gressive increase in the rate of restenosis was seen be- 
tween each successively higher quintile (Figure 1). The 
highest quintile group had a 93% restenosis rate (13 of 
14 patients) and had an odds ratio of 11.4 (95% confi- 
dence levels of 8.8 to 13.4) when compared with the 
lowest quintile, which had a 53% restenosis rate (7 of 
13) (p = 0.033). Division of the distribution into quin- 
tiles allowed determination of a break point where a dis- 
proportionate increase in the rate of restenosis between 
the third and fourth quintiles occurred. Eighty-nine per- 
cent of the patients (25 of 28) with serum Lp(a) levels 
218.8 mg/dl had restenosis compared with 58% (24 of 
41) in patients below that level. This degree of serum 
Lp(a) elevation was seen in 4096 of patients. This corre- 
sponded to an odds ratio of 5.9 (95% confidence interval 
of 4.6 to 7.2). 
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DISCUSSION 

This study demonstrates a positive correlation be- 
tween serum Lp(a) levels and restenosis after PTCA. 
Patients who returned with restenosis had median Lp(a) 
levels of 18.8 mg/dl (mean value 30.5) compared with a 
median value of 7.0 mg/dl (mean value 11.4) in those 
with no restenosis (p = 0.006). The overall sensitivity of 
a high Lp(a) (218.8 mg/dl) was 51% and specificity 
of a low Lp(a) («18.8 mg/dl) was 85%. Thus, the posi- 
tive predictive value of a high Lp(a) was 89% and the 
negative predictive value of a low Lp(a) was 42%. The 
high specificity (and high predictive value positive) 
would provide evidence that individual patients might 
be at risk for restenosis. However, the predictive value 
changes depending on the prevalence of the outcome in 
the sample studied, while the sensitivity, specificity and 
odds ratio remain unchanged. For example, if the sam- 
ple size, sensitivity and specificity were held constant 
and the restenosis rate were 30%, the negative predictive 
value would be 80% and the positive predictive value 
would be 60%. Thus, this marker would have different 
utility in different establishments depending on the 
prevalence of restenosis in any particular group of pa- 
tients. 

The odds ratio for Lp(a) 218.8 mg/dl was 5.9 and, 
for a level of 240 mg/dl, was 11.4. For comparison, the 
odds ratios on 19 patient-related and lesion-related fac- 
tors were, on average, 1.5 (range of 0.9 to 2.7). This 


8.9-18.7 18.8-39.0 40.0- 120 


FIGURE 1. Restenosis rates versus serum 
lipoprotein (a) (Lp[a]) levels divided into 
quintiles with a break point of 18.7 mg/dl. 
n = number of patients with serum Lp(a) 
at the indicated range. 
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would provide advantages in following patients with ele- 
vated Lp(a) levels as well as targeting high Lp(a) sub- 
populations for restenosis research. 

The relatively higher serum triglycerides levels re- 
main unexplained but are consistent with one previous 
report on lipid analysis after PTCA.?^ The predictive 
importance of triglycerides was lost when multivariate 
analysis was performed. There was no correlation be- 
tween Lp(a) and any other lipid, including apo B. 

This study also suggests that Lp(a) may be one link 
in the pathogenesis of atherosclerotic plaque and reste- 
nosis. Evidence from post-PTCA autopsy series and an- 
gioscopy in patients has shown that mural thrombus 
formation is present in the majority of patients.” 
Thrombus is thought to provide growth promoting or 
chemotactic factors including platelet-derived growth 
factor, thrombin, fibrin/fibrin(ogen), and serotonin.”° 
Lp(a) may be involved in this process because of its 
ability to interfere with fibrinolysis through inhibition of 
plasminogen and tissue-type plasminogen activator.” 
This may allow for thrombus accumulation and release 
of growth factors or may prolong exposure to the local 
concentrations of these factors. One study has shown 
localization of Lp(a) and fibrinogen in human coronary 
arteries.!5 Apo(a) contains multiple copies of the krin- 
gle-4 region that binds fibrin, a single copy of the krin- 
gle-5 region and a serine protease domain. However, 
this protease site demonstrates no plasmin-like activity 
owing to a substitution of serine for arginine at the acti- 
vation site domain.^? Lp(a) attentuates clot lysis in 
plasma from patients with elevated serum Lp(a), con- 
firming an impairment of endogenous thrombolysis.! 
There is also evidence that Lp(a) competes with plas- 
minogen for cell-surface binding sites,!?2* that it binds 
to the classic LDL receptor, to the scavenger receptor of 
macrophages,”? and to vascular glycoproteins, serum fi- 
bronectin, complement C3 and prothrombin.* An alter- 
native explanation would be that Lp(a) itself, or its de- 
rivatives, promotes growth of vascular smooth muscle 
cells or increases extracellular matrix synthesis directly, 
although there are no known studies examining this pos- 
sibility. 

This study examined only serum from predominant- 
ly symptomatic patients returning for repeat catheter- 
ization, and the same results might not hold for deter- 
minations performed at the time of PTCA or for pa- 
tients with no angiographic follow-up, although the level 
of serum Lp(a) is thought to be genetically controlled. 
We recognize the possibility of selection bias because 
we could not enroll all patients returning for follow-up 
catheterization. However, there was no overt selection 
bias and no known way to physically select patients ac- 
cording to their Lp(a) levels. The number of patients in 
this study is relatively small and a confirmatory study is 
required. 
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Dobutamine Stress Echocardiography Before and 
After Coronary Angioplasty 
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Myocardial function was assessed by stress echo- 


cardiography in 28 patients before and after suc- 
cessful elective coronary angioplasty. Dobutamine 
stress echocardiography was performed using up 
to 40 ug/kg/min, followed by the addition of atro- 
pine in 20 patients to achieve 85% of the predict- 
ed maximal exercise heart rate. The initial studies 
were performed 1 day before and the second ones 
within 3 days (mean 1.3) after angioplasty. Peak 
heart rates and systolic blood pressures were the 
same for the 2 studies. The frequency of dobuta- 
mine-induced new wall motion abnormalities de- 
creased from 20 (7196) before to 4 (1496) after 
angioplasty (p <0.0001). Before angioplasty, wall 
motion score index (an indicator of left ventricular 
wall motion, an increase in which indicates im- 
paired wall motion due to myocardial ischemia) in- 
creased from 1.06 at rest to 1.23 at peak stress 
(p «10^5), but there was no significant increase in 
this index in the study after angioplasty. Before 
angioplasty, 14 patients (5096) developed chest 
pain during the stress test compared with 6 (2196) 
after angioplasty (p — 0.05), and before angio- 
plasty, the stress test was stopped before the tar- 
get heart rate was achieved, because of symp- 
toms, ST-segment change or severe new wall mo- 
tion abnormality in 14 patients compared with 7 
after angioplasty (p — 0.09). Thus, early after an- 
gioplasty there is a reduction in myocardial isch- 
emia as assessed by dobutamine stress echocardi- 
ography. 

(Am J Cardiol 1992;69:740-745) 
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oninvasive assessment of patients with suspected 
IN 29 artery disease is most often performed 
by exercise electrocardiography. However, the 

limited sensitivity and specificity of this technique! have 
led to its combination with either radionuclide scintigra- 
phy with planar? or tomographic? imaging to identify 
stress-induced perfusion defects, or with 2-dimensional 
echocardiography to identify abnormalities of left ven- 
tricular wall motion that develop with the onset of isch- 
emia.'^^ 

An alternative is to combine echocardiography with 
nonexercise stress using atrial pacing,» or pharmacolog- 
ic stress using dobutamine,® dipyridamole’ or adeno- 
sine. There is evidence from animal experiments that 
dobutamine, a sympathomimetic agent with both posi- 
tive chronotropic and inotropic effects,’ is the pharma- 
cologic stress agent of choice for combination with im- 
aging techniques that assess left ventricular systolic 
function, including echocardiography. !° 

The stepwise incremental protocol (in which the 
dose of dobutamine is increased) and the increases in 
heart rate and blood pressure associated with dobuta- 
mine make the test analogous to exercise stress testing.® 

The effect of successful angioplasty was previously 
assessed by exercise stress echocardiography!! or perfu- 
sion scintigraphy'? and by dipyridamole echocardiogra- 
phy.'^ However, we are not aware of data on the use of 
dobutamine stress echocardiography in this clinical set- 
ting. Accordingly, in this study we investigated if dobu- 
tamine stress echocardiography could assess the func- 
tional effect of the change in myocardial perfusion early 
after angioplasty. 


METHODS 

Patient selection: Consecutive patients with stable 
angina pectoris in whom elective coronary angioplasty 
was planned were prospectively enrolled in the study. 
Previous infarction, angioplasty or coronary artery 
grafting were not contraindications. All patients gave 
informed verbal consent to undergo dobutamine stress 
echocardiography. It was considered unethical and po- 
tentially dangerous to withdraw antianginal therapy, in- 
cluding 8-blockers, especially owing to the risk of re- 
bound instability occurring at the time of angioplasty. 

Dobutamine stress echocardiography: Patients un- 
derwent dobutamine stress echocardiography 1 day be- 
fore, and within 3 days after elective angioplasty, unless 
there was some contraindication to repeating the study. 
Two-dimensional echocardiography was performed at 
rest using Hewlett-Packard Sonos 1000 echo apparatus 
with 2.5 and 3.5 MHz transducers. Standard apical and 
parasternal views were recorded on video tape. The opti- 
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mal transducer positions were marked on the chest and 
baseline 12-lead electrocardiograph recorded. When the 
standard position of a chest electrode coincided with the 
marked transducer position, the electrode was moved 1 
space higher or lower. 

Dobutamine was administered intravenously using 
an infusion pump, beginning at a dose of 10 ug/kg/min 
for 3 minutes and increasing by 10 ug/kg/min every 3 
minutes to a maximum of 40 ug/kg/min (stage 4), 
which was continued for 6 minutes. Because antianginal 
therapy, including 8 blockers, was continued during the 
test, patients infrequently developed tachycardia despite 
exposure to high levels of dobutamine. Accordingly, as 
was previously suggested,'* 0.25 mg of atropine was ad- 
ministered intravenously at the end of stage 4, and re- 
peated up to a maximum of 1 mg with continuation of 
dobutamine to achieve 85% of the predicted maximum 
exercise heart rate in those patients who did not achieve 
this target heart rate and in whom the test was negative 
with dobutamine alone. In this way it was attempted to 
achieve the same peak heart rate in both stress tests 
before and after angioplasty. 

Throughout the stress test, the 2-dimensional echo- 
cardiogram was monitored; images were acquired by | 
of the investigators and recorded on video tape for the 
last minute of each of stages 1 to 3, the last 4 minutes of 
stage 4, and continuously for up to 10 minutes after 
dobutamine was discontinued or after administration of 
atropine. Infusion was stopped if the patient developed 
an obvious new wall motion abnormality, ST depression 
72 mm at 80 ms after the J point, ST elevation, signifi- 
cant chest pain, reduction in systolic blood pressure >20 
mm Hg from that at rest, or any side effect regarded as 
being due to dobutamine. Metoprolol was available and 
used to reverse the effects of dobutamine, if they did not 
revert spontaneously and quickly. 

Angioplasty: Angioplasty was performed by the 
femoral route using standard equipment and techniques 
within 1 day of the initial stress echocardiography. Se- 
verity of the stenosis before and after the procedure was 
assessed by either visual or quantitative analysis!> with- 
out knowledge of the results of the stress echocardio- 
graphic tests. Angioplasty was indicated in cases of per- 
sistent anginal symptoms despite medication, and of 
coronary disease with a diameter stenosis 250%. The 
result of angioplasty was considered positive if the di- 
ameter stenosis was reduced to <50%. 

Echocardiographic assessment: In addition to as- 
sessment of echocardiographic images during acquisi- 
tion, assessment was performed by 2 experienced inves- 
tigators after acquisition. Both on-line and off-line as- 
sessments were performed without knowledge of the 
site of angioplasty or of patient’s coronary anatomy be- 
fore or after angioplasty. When there was disagreement 
between the 2 off-line assessors, a third investigator 
viewed the images without knowledge of the previous 
assessments, and a majority decision was achieved. For 
this semiquantitative assessment, the left ventricular 
wall was divided into 16 segments,! and each segment 
was scored using a 4-point scale: 1 = normal, 2 = hypo- 
kinetic, 3 = akinetic, and 4 = dyskinetic (Figure 1). The 
16 segments were combined into 5 myocardial areas: 


anterior, septal, lateral, inferior and apical. The anteri- 
or, septal and lateral areas, and septal, anterior and lat- 
eral segments of the apex were regarded as being in the 
territory of the left anterior descending coronary artery, 
whereas the inferior and lateral areas, and apical inferi- 
or segment were in the territory of the circumflex or 
right coronary artery. An increase in score in Z1 seg- 
ment from rest to stress constituted a positive test. Us- 
ing this scoring system, an index of global left ventricu- 
lar wall motion (wall motion score index) was calculat- 
ed as: the sum of scores in visualized segments /number 
of segments visualized, at baseline and peak stress for 
both studies before and after angioplasty. 

Statistical analysis: Results are expressed as mean 
+ standard deviation, and 95% confidence intervals are 
given where appropriate. Discrete variables were com- 
pared using the chi-square test, and continuous vari- 
ables using paired 1 tests. 


RESULTS 

Study patients: Dobutamine stress echocardiogra- 
phy was performed in 48 consecutive patients in whom 
elective angioplasty was planned. Angioplasty was per- 
formed in 33 patients; the procedure was not performed 
in the remaining 15, because of <50% diameter stenosis 
of the target vessel in 7 (stress echocardiogram negative 
in 6), multivessel disease not suitable for angioplasty in 
4 (stress echocardiogram positive in 3), total occlusion 
of the target vessel in 3 (stress echocardiogram positive 
in 1), and left main stem lesion in 1 (stress echocardio- 
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6-segment wall mo- 
tion analysis derived from Bourdillon et al.!6 ANT = anterior; 
INF = inferior; LAT = lateral; LAX = parasternal long-axis 
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4C = 4-chamber apical view. 


FIGURE 1. Representation of 1 
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TABLE I Hemodynamic Changes During Stress Testing Before 
and After Angioplasty 


Heart rate (beats/min) Before PTCA 67 + 12 121 = 22 «10-95 
After PTCA 73213 124-24 «10-6 
p value 0.03 0.59 

Before PTCA 133 - 17 146 - 22 0.002 
After PTCA | 127 € 17. 138 - 21 0.003 
p value 0.1 0.1 

Results expressed as mean + SD. 


TCA = percutaneous transluminal coronary angioplasty; SP = systolic blood 
pressure. 
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gram positive). Five patients undergoing angioplasty did 
not have stress echocardiography performed after angi- 
oplasty; 2 refused repeat study, 1 had acute infarction 
after angioplasty, 1 had tamponade at angioplasty, and 
l had dissection and proceeded to bypass grafting. The 
data presented relate to the 28 patients who had dobu- 
tamine stress echocardiography before and after suc- 
cessful angioplasty. 

Nineteen patients were men (mean age 60 + 11.6 
years). Eleven patients had previous myocardial infarc- 
tion, 4 had previous angioplasty, and 2 had previous by- 
pass grafting. Twenty-three patients were receiving 8 
blockers, 14 oral nitrate preparations and 16 calcium 
antagonists. 

Twenty-four patients had 1-vessel coronary disease. 
The target vessel was the left anterior descending in 11 
cases, the right coronary artery in 11 and the circumflex 
in 7; 1 patient had lesions in 2 arteries dilated. For all 
29 lesions, the residual lesion after angioplasty was 
<50% diameter stenosis. 

Stress echocardiographic studies: Al] 28 patients 
underwent dobutamine stress echocardiography 1 day 
before and within 3 days after angioplasty. Mean time 
of the second study was 1.3 + 0.6 days after angio- 
plasty; in 22 patients, the study was repeated within 1 
day after angioplasty. 

Table I shows the hemodynamic changes during the 
2 studies. Atropine (up to 1 mg intravenously) was ad- 
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ministered at the end of stage 4 to 20 patients, 15 in 
both studies before and after angioplasty, and 5 in 1 or 
the other study only. Twenty-three patients were receiv- 
ing 8 blockers at the time of the study; 19 of the 20 who 
needed atropine were receiving 8 blockers. In both stud- 
ies before and after angioplasty there was a significant 
increase in both heart rate and systolic blood pressure 
from base to peak stress. Although baseline heart rate 
was higher in the study after angioplasty, peak heart 
rate was the same in both studies. There was no signifi- 
cant difference between systolic blood pressure before 
and after angioplasty, at either baseline or peak stress. 

Wall motion abnormalities at rest were seen in 5 pa- 
tients on echocardiograms before and after angioplasty. 
Figure 2 shows the percentage of patients with stress- 
induced new wall motion abnormalities, chest pain and 
ST-segment changes before and after angioplasty. Be- 
fore angioplasty, 20 patients (71%, 95% confidence in- 
terval 51 to 87%) developed new wall motion abnormal- 
ities compared with 4 (14%, 95% confidence interval 4 
to 33%) after angioplasty (p <0.0001). The frequency 
of positive stress echocardiography for each of the dilat- 
ed coronary arteries is shown in Table II. Of the 20 
patients with a positive test before angioplasty, the site 
of the new wall motion abnormality was consistent with 
the diseased coronary artery in 17. In the remaining 3 
patients, 1 with circumflex disease had a new wall mo- 
tion abnormality in the anterior and septal areas, 1 with 
right coronary disease had resting inferior abnormalities 
that extended to the posterior septum at stress, and the 
1 who had lesions dilated in both left anterior descend- 
ing and circumflex arteries developed changes in both 
inferior and lateral areas. The site of the new wall mo- 
tion abnormality was consistent with the site of the di- 
lated vessel in 3 of the 4 patients with positive stress 
echocardiography after angioplasty; in the fourth (who 
had the 2-vessel dilatation), the new wall motion abnor- 
malities again developed in the inferior and lateral 
areas. 

The frequency of chest pain also decreased; before 
angioplasty, 14 patients (50%, 95% confidence interval 


FIGURE 2. Percentage of patients with 
positive echocardiogr aphy (Echo), chest 
pain and ST changes before and after an- 
gioplasty. ns = not significant. 
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31 to 69%) developed chest pain compared with 6 (21%, 
95% confidence interval 8 to 41%) after angioplasty 
(p = 0.05). Before angioplasty, 10 patients (36%, 95% 
confidence interval 19 to 56%) developed ST changes (6 
depression, 4 elevation), and 8 (29%, 95% confidence 
interval 13 to 49%) had ST changes after angioplasty (7 
depression, 1 elevation). 

The stress test was stopped before the 85% of pre- 
dicted maximal exercise heart rate for sex and age was 
achieved in 14 patients before angioplasty (1 for new 
wall motion abnormality, 5 for ST changes and 8 for 
chest pain) compared with 7 after angioplasty (1 for ST 
changes, 5 for chest pain and 1 for chills) (p = 0.09). 

Of the 4 patients with multivessel disease, the test 
after angioplasty was positive in 2, including the 1 who 
had 2 lesions dilated. Of the 2 patients with multives- 
sel disease and a negative stress test after angioplasty, 
1 had total occlusion of the right coronary artery, and 
1 had previous coronary grafting with patent grafts. 
When patients with a previous myocardial infarct were 
separately analyzed, 10 of 11 had positive echocardi- 
ography before angioplasty compared with 2 after angi- 
oplasty. Furthermore, of 5 patients in this group, 4 had 
positive echocardiography before angioplasty, which 
was reduced to 2 after angioplasty. 

To further assess the change in dobutamine-induced 
ischemia before and after angioplasty, new wall motion 
abnormalities, chest pain and ST depression were re- 
garded as markers of ischemia, and the numbers of pa- 
tients with 0, 1, 2 and 3 markers before and after angio- 
plasty are shown in Figure 3. The distribution of fre- 
quency of markers of ischemia was different before and 
after angioplasty, with more patients having 2 or 3 
markers before angioplasty, and more having no mark- 
ers after angioplasty (chi-square 15.4, degrees of free- 
dom 3, p = 0.002). 

Wall motion score indexes: Regional wall motion 
analysis was performed in 95% of the ventricular seg- 
ments, and a wall motion score was derived both before 
and after angioplasty. Before angioplasty, mean wall 
motion score index (Figure 4) increased from 1.06 + 
0.15 at baseline to 1.23 + 0.22 at peak stress (p X10 5). 
After angioplasty there was a small but insignificant in- 







TABLE II Frequency of Positive Stress Echocardiogram for 
Each of the Dilated Coronary Arteries 


No. of Positive Echocardiograms (76) 








Vessel Dilated Before PTCA After PTCA 













Left anterior descending 9/11 (82) 2/11 (18) 
Left circumflex 4/7 (57) 2/7 (29) 
Right coronary artery 8/11 (73) 1/11 (9) 


PTCA = percutaneous transluminal coronary angioplasty. 


crease in wall motion score index from 1.08 + 0.20 to 
1.10 + 0.22. There was no significant difference be- 
tween baseline wall motion score indexes before and af- 
ter angioplasty, but the index at peak stress was signifi- 
cantly higher in the study before angioplasty (1.23 + 
0.22 vs 1.10 + 0.22; p = 0.00002). 

Complications: There were no serious complications 
related to either dobutamine or atropine. Before angio- 
plasty, 2 patients had frequent ventricular ectopics in- 
cluding couplets, 1 had frequent atrial ectopics, 1 nodal 
rhythm and 1 chills. After angioplasty, 1 patient had 
ventricular ectopics, | nodal rhythm and 1 chills. Meto- 
prolol was needed by 10 patients before angioplasty ei- 
ther for relief of chest pain that did not resolve sponta- 
neously within 5 minutes of stopping the stress test, or 
for ST elevation; after angioplasty, metoprolol was ad- 
ministered to 5 patients for the same reasons. 


DISCUSSION 

This is the first study that uses dobutamine stress 
echocardiography for assessment of patients before and 
early after angioplasty. The reduction in frequency of 
development of new wall motion abnormalities, and dif- 
ference in change in wall motion score index after angi- 
oplasty indicate the reduction in dobutamine-induced 
myocardial ischemia after angioplasty. Similar changes 
were seen in the incidence of chest pain before and after 
angioplasty, although the use of such a subjective end 
point may be misleading, because patients may confuse 
discomfort associated with tachycardia with ischemic 
heart pain, despite careful questioning. The total inci- 
dence of ST-segment changes (both elevation and de- 


i Number of patients 
1 


FIGURE 3. Number of patients with 3, 2, 
1 and O markers of ischemia during stress 
tests before and after angioplasty. 
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pression) did not change after angioplasty; before angio- 
plasty, 10 patients had ST changes, 4 of whom had ele- 
vation (2 with previous Q-wave infarction), and after 
angioplasty, 8 had ST changes, 1 of whom had ST ele- 
vation (no previous infarction). Of the latter 8 patients, 
the test after angioplasty was stopped for ST elevation 
in 1, chest pain in 2, and because an adequate heart rate 
was achieved in 5. Inspection of the data before angio- 
plasty of these patients showed that the test was stopped 
for ST elevation in 2, pain in 5, and in only 1 did the 
test proceed to achievement of target heart rate. There- 
fore, although preliminary inspection of the data on ST- 
segment changes suggests no reduction in ischemia as 
assessed by ST changes, such inspection without consid- 
eration of other indicators of ischemia may be mislead- 
ing, because those patients with ST changes after angio- 
plasty often stopped the stress test before angioplasty, 
because of other evidence of ischemia that may have 
occurred before ST changes. Accordingly, in an attempt 
to overcome such confounding influences of the various 
indicators of ischemia, we used the number of patients 
completing the stress test, (i.e., achieving 85% of the 
predicted maximal exercise heart rate, without signifi- 
cant chest pain or ST changes necessitating termination 
of the test). Although these results did not reach the 
conventional level of statistical significance, the trend 
was toward more patients completing the test after an- 
gioplasty (75 vs 50%; p = 0.09). Similarly, a combina- 
tion of ischemic events during the test showed that more 
patients had no markers of ischemia after angioplasty, 
and more had 2 or 3 markers of ischemia before. 
Twenty patients developed new wall motion abnor- 
malities during the stress test before angioplasty, indi- 
cating a sensitivity of 71% for the detection of coronary 
artery disease. Recent data!" show that sensitivity of 
stress echocardiography for detection of coronary dis- 
ease using dipyridamole is reduced in patients on anti- 
anginal therapy. Continuation of 8 blockers (as in 23 of 
these patients) antagonizes the B-adrenergic effect of 
dobutamine,? and this limited the sensitivity of dobuta- 


Before angioplasty 
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mine stress echocardiography in our laboratory.ó Ac- 
cordingly, the protocol for dobutamine stress echocardi- 
ography has been changed with the addition of atropine 
at the end of 15 minutes of dobutamine infusion (maxi- 
mum dose 40 ug/kg/min) in those patients who have 
not achieved 85% of the predicted maximal exercise 
heart rate and not developed obvious new wall motion 
abnormalities, ST changes, chest pain or side effects re- 
garded as being due to dobutamine and needing termi- 
nation of the test. Accordingly, 20 of these patients re- 
ceived atropine, 15 in both studies, and 5 in either the 
study before or after angioplasty. Of 19 patients who 
received atropine in the study before angioplasty, off- 
line analysis showed a new wall motion abnormality 
that had been unrecognized during on-line assessment 
in 1 during dobutamine alone and in 11 after atropine. 
Using our previous protocol without the addition of at- 
ropine, dobutamine stress echocardiography would have 
been positive in 10 of 28 patients, resulting in a sensitiv- 
ity of 36%. 

The mean time to the stress test after angioplasty 
was 1.3 days; in 22 patients, the test was repeated with- 
in 1 day of angioplasty, and at this stage there was al- 
ready a reduction in dobutamine-induced new wall mo- 
tion abnormalities. The time of the study after angio- 
plasty, and the frequency of patients with persisting 
positive studies are similar to those reported by Picano 
et al? using dipyridamole as the stress agent. This is in 
contrast to a previous study reported by Manyari et al!® 
using exercise thallium scintigraphy to assess myocardi- 
al perfusion after angioplasty, which showed a delay in 
improvement in myocardial perfusion in 12 of 43 pa- 
tients studied. Later repeat stress echocardiography 
may have detected a further improvement in myocardi- 
al function in our patients; however, our study is not 
directly comparable to that of Manyari, because thalli- 
um uptake is an indicator of perfusion and metabolic 
integrity,!? whereas stress echocardiography, being de- 
pendent on the development of systolic dysfunction, is 
an indicator of true myocardial ischemia. 


FIGURE 4. Mean wall motion score index- 
es (WMSI) before and after angioplasty. 
ns — not significant. 


After angioplasty 
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In summary, this study shows that before angio- 
plasty, stress echocardiography using dobutamine with 
the addition of atropine, if necessary, to achieve the tar- 
get heart rate has a sensitivity of 71% for detection of 
coronary artery disease in patients, with mainly 1-vessel 
disease on medication. The relief of a coronary stenosis 
reverses dobutamine stress-induced ischemia early after 
angioplasty, and more patients proceed to complete the 
stress testing protocol without stopping because of chest 
pain, ST changes or obvious new wall motion abnormal- 
ities. 
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BREMEN Lr dui es Lupo v 
The goal of this study was to determine the value 


and limitations of the current approach for evalu- 
ating patients in the emergency room (ER) with 
cardiac-related symptoms in terms of predicting 
long-term outcome. Accordingly, 274 consecutive 
prospectively identified patients presenting to the 
ER with such symptoms were evaluated, and fol- 
low-up was obtained at 20 + 9 months in 265 of 
them (97%). Adverse cardiovascular events were 
defined as: nonfatal myocardial infarction, death, 
cerebrovascular accident with neurologic deficit, 
life-threatening arrhythmia and cardiac surgery. 
Eighty-three patients (3196) had a cardiovascular 
event during follow-up; 42 occurred within 48 
hours of ER presentation, whereas 41 occurred in 
the ensuing months. Findings on physical exami- 
nation and electrocardiogram provided additional 
prognostic information, compared with that of his- 
tory alone, when added sequentially into a Cox 
model. However, by discriminant function analy- 
sis, only 63% of actual events were correctly pre- 
dicted by the model. Events occurring after 48 
hours of ER presentation were correctly predicted 
only 50% of the time compared with those occur- 
ring within 48 hours of ER presentation, which 
were correctly predicted 7596 of the time 
(p = 0.04). It is concluded that patients presenting 
to the ER with cardiac-related symptoms are at 
high risk for adverse cardiovascular events. The 
likelihood of an event occurring after 48 hours of 
presentation is as high as one occurring within 48 
hours. Current methods of evaluating such pa- 
tients have limited prognostic value, particularly 
for those at long-term risk for events. 

(Am J Cardiol 1992;69:746-750) 
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the value and limitations of current methods for 

risk-stratifying patients presenting to the emer- 
gency room (ER) with cardiac-related symptoms have 
not been fully defined. In particular, these methods 
have not been evaluated in terms of their prognostic val- 
ue in relation to patient disposition and long-term out- 
come. This study determines the individual and in- 
cremental values of categories of variables (historic, 
physical examination and electrocardiographic) for de- 
termining outcome in patients presenting to the ER 
with cardiac-related symptoms, and determines the val- 
ue and limitations of these variables in predicting long- 
term outcome based on patient disposition. 


D espite a large body of literature on the subject, !-!1 


METHODS 

Patient population: The study population consisted 
of 274 consecutive patients who presented to the Uni- 
versity of Virginia Medical Center ER with the chief 
complaint of chest pain or dyspnea, or both. The inclu- 
sion criteria were: men aged >30 years and women 
>40; symptoms of 230 minutes duration Occurring 
within 4 hours of presentation; and symptoms not easily 
attributable to obvious noncardiac causes such as local 
trauma and pulmonary disease. 

Emergency room protocol and follow-up: Patients 
were evaluated by an ER physician. History was ob- 
tained, and a physical examination and electrocardio- 
gram were performed. Based on the available data, pa- 
tients were either discharged from the ER or admitted 
to the hospital. An ER diagnosis was obtained before 
disposition. In patients admitted to the hospital, a final 
diagnosis was obtained before hospital discharge. Fol- 
low-up was obtained by means of medical chart review, 
questionnaire or telephone interview with the patient, 
patient's family or physician, or a combination. Follow- 
up data were available at a mean of 20 + 9 months in 
265 of the 274 (97%) patients (142 men and 123 wom- 
en, aged 61 + 14 years) who constituted the final study 
group. 

The following 6 adverse events were considered car- 
diovascular end points: nonfatal myocardial infarction, 
death due to cardiac or presumed cardiac cause, cere- 
brovascular accident with significant residual neurologic 
deficit, life-threatening arrhythmia needing medical or 
surgical intervention, coronary revascularization and 
valve surgery. When >1 event occurred in a patient, the 
first was considered as the end point. However, if the 
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patient died as a result of any of the other 5 events, then 
death was used as the end point. 

Data analysis: Variables analyzed were classified 
into 3 categories (historic, physical examination and 
electrocardiographic) and are listed in the appendix. 
The electrocardiogram was analyzed by 2 observers and 
classified in 1 of 12 categories that are also listed in the 
appendix. 

Cox regression analysis? was performed to deter- 
mine the significant univariate predictors of events with- 
in each of the categories. The predictors from each cate- 
gory were then entered into Cox models to determine 
the overall power of each category to predict events, and 
the relative predictive powers of the 3 categories were 
compared using the likelihood ratio statistic. The signif- 
icant predictors of events from each category were then 
sequentially entered into a final Cox model to determine 
the additive value of each category for determining 
prognosis. The relative risk of an event associated with 
each variable was derived from the final model. 

Based on logistic regression analysis adapted for sur- 
vival data analysis for variable follow-up periods,'? it 
was found that the time of follow-up did not indepen- 
dently affect outcome in this study. Therefore, discrimi- 
nant function analysis!^ was performed using all signifi- 
cant variables on Cox analysis (not adjusted for time of 
follow-up) to determine how the model actually per- 
formed in individual cases. The predicted and actual 
events were compared for all patients and also for those 
with different ER dispositions using the chi-square test. 


RESULTS 
is versus disposition versus occurrence of 
events: Of the 265 patients, 160 (6076) were admitted 
to the hospital from the ER, 110 of whom had the ER 
diagnosis of “rule out myocardial infarction." Of the 
latter 110 patients, only 34 actually had an infarction 
documented during their hospitalization. One patient 
with this diagnosis had unstable angina and underwent 
coronary revascularization. The other 75 patients had 
no in-hospital events. Twenty-two patients were admit- 
ted with an ER diagnosis of congestive heart failure, 
only 1 of whom had a myocardial infarction during the 
hospital stay, whereas the others had no in-hospital 
events. Ten patients were admitted to the hospital with 
a nonischemic cardiovascular diagnosis, 3 of whom had 
life-threatening arrhythmias, and the other 7 with no in- 
hospital events. Eight patients were admitted with a 
gastrointestinal diagnosis, and 1 of these developed 
complete heart block. Of the 10 other patients with mis- 
cellaneous diagnoses, none had an in-hospital event. 
Therefore, of the 160 patients admitted to the hospi- 
tal, 120 (7596) did not have a cardiovascular event at 
the time of hospital discharge. However, 27 (23%) of 
these patients had cardiovascular events during follow- 
up. Most of these events (26 of 27) occurred in the 60 
patients with the discharge diagnosis of either “rule out 
infarction” /unstable angina or heart failure. Of the 38 
patients discharged with the former diagnosis, 17 (45%) 
had subsequent events, whereas the others were free of 
events during 2-year follow-up. Of the 17 patients with 
subsequent events, 10 had a myocardial infarction, 3 


underwent revascularization, 3 died, and 1 had a cere- 
brovascular accident. Of the 22 patients with a dis- 
charge diagnosis of heart failure, 9 (4196) had an event, 
whereas the others remained free of events. Of the 9 
patients with events, 3 had a myocardial infarction, 5 
died, and 1 underwent valve surgery. Of the 9 patients 
without any in-hospital events who were discharged 
from the hospital with the diagnosis of nonischemic car- 
diovascular disease, 1 had a cerebrovascular accident. 
None of the 37 patients discharged with the diagnosis 
of musculoskeletal disorders, and none of the 12 dis- 
charged with the diagnosis of gastrointestinal or pulmo- 
nary disorders had an event. 

Of the 105 patients not admitted to the hospital and 
discharged directly from the ER, 16 (15%) had cardiac 
events, 11 of which occurred in the 32 patients with an 
ER diagnosis of angina pectoris or heart failure. Of the 
18 patients discharged from the ER with a diagnosis of 
angina, 3 had a myocardial infarction (including 2 with- 
in 48 hours of discharge), 1 had a cerebrovascular acci- 
dent, and 1 died, whereas 13 had no events. Of the 14 
patients with the ER diagnosis of heart failure, 3 died 
during follow-up, 2 had a myocardial infarction, and 1 
underwent valve surgery, whereas 8 had no events. Of 
the 73 patients discharged from the ER with noncardiac 
diagnoses, 5 had cardiovascular events (1 each had a 
myocardial infarction, life-threatening arrhythmia and 
coronary revascularization, whereas 2 had a cerebrovas- 
cular accident). 

Events after 48 hours of ER presentation, whether 
they occurred in the 27 patients discharged from the 
hospital after being admitted or the 14 discharged di- 
rectly from the ER, were equal in number to those 
occurring within 48 hours of ER presentation (40 in 
patients admitted to the hospital, and 2 in those dis- 
charged directly from the ER). Furthermore, events oc- 
curring after 48 hours of ER presentation were spread 
out evenly during 2-year follow-up. The mean interval 
between the ER visit and late-occurring events was 10 
+ 7 months. 

Individual predictors of events: On Cox regression 
analysis, 14 variables (indicated by asterisks in the ap- 
pendix) were found to be significant univariate predic- 
tors of events. When these variables were entered into 
separate Cox models according to data category (histor- 
ical, physical examination and electrocardiographic), a 
total of 10 remained significant predictors of events 
(Table I) and were used to compare the prognostic pow- 
ers of each of the 3 categories. 

Patients who had an event were older and more like- 
ly to have family history of coronary artery disease. 
These patients had a higher prevalence of third and 
fourth heart sounds, and pulmonary rales on physical 
examination. Although not frequently seen, patients 
with events were more likely to have ST-segment eleva- 
tion with or without Q waves, left bundle branch block 
or a paced rhythm. Conversely, events were significant- 
ly less likely to occur in patients with a normal electro- 
cardiogram. 

When the risk factors from all 3 categories were en- 
tered sequentially into a final Cox model, 7 remained 
significant predictors of events (relative risks are listed 
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TABLE I Significant Predictors of Events Within Each Category 
Using Cox Analysis 









No Event 
(n = 182) p Value 


Event 
(n = 83) 



























Historical 
Age (yr) 68 + 12 58 + 14 « 0.0001 
Family history of CAD 41.0 23.6 0.0062 
(76) 
Physical examination 
Third heart sound (95) 15.7 3.3 0.0009 
Fourth heart sound (95) 31.3 13.7 0.0014 
Rales (96) 43.4 21.4 0.0003 
Electrocardiogram 
Normal (%) 8.4 42.3 « 0.0001 
ST-segment elevation 6.0 0.0 0.0009 
(96) 
Q waves 4- ST elevation 9.6 0.0 « 0.0001 
(%) 
Left bundle branch 14.5 3.8 0.0065 
block (%) 
Paced rhythm (%) 7.2 0.5 0.0069 





CAD = coronary artery disease. 


in Table II). On univariate analysis, the risk for an 
event increased by approximately twofold for a patient 
15 years older than another, or if the patient had family 
history of coronary artery disease. Presence of a third 
heart sound conferred a threefold increase in the likeli- 
hood of an event. A patient with a normal electrocardio- 
gram was 6 times less likely to have an event than one 
whose electrocardiogram was abnormal. Presence of 
ST-segment elevation (with or without Q waves) in- 
creased the risk for an event by approximately eight- 
fold, whereas a paced rhythm increased it fourfold. The 
multivariate relative risks associated with age, a third 
heart sound, paced rhythm and normal electrocardio- 
gram were similar to the univariate relative risks, al- 
though they were even greater for ST-segment elevation 
and family history of coronary artery disease (Table II). 

Comparative and additive prognostic value of vari- 
ables: When the individual Cox models for each data 
category were compared for their relative abilities 
to predict events, history alone provided greater 
(p <0.01) prognostic information (chi-square = 38.0, 
DF = 2) than that of physical examination alone (chi- 
square = 30.8, DF = 3). However, the electrocardio- 
gram provided the greatest (p <0.001) prognostic infor- 
mation (chi-square = 106.3, DF = 5). 

To simulate the clinical scenario, the incremental 
prognostic information given by the historic, physical 
examination and electrocardiographic data was derived. 
The physical examination added 58% more prognostic 
information to historical data alone (change in likeli- 
hood ratio statistic of 9.1; p <0.01), whereas the addi- 
tion of the electrocardiogram more than doubled the 
predictive power of the historic and physical examina- 
tion variables, adding 123% more prognostic infor- 
mation (change in likelihood ratio statistic of 22.6: 
p <0.001). Although the electrocardiogram contained 
the greatest prognostic information (chi-square = 106.3, 
DF = 5), history and physical examination significantly 
(p <0.01) increased the prognostic value of the electro- 
cardiogram alone (chi-square = 133.8, DF = 7). 
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TABLE II Relative Risk for Cardiovascular Events for Variables 
Found to Be Predictors of Events on Multivariate Cox Regression 
Analysis 









Univariate Multivariate 






` Relative Relative 
Risk Factors Risk 95% CI Risk 9596 CI 














Historical 
Age difference » 15 1.81 1.43-2.29 1.81 1.40-2.26 
years 

Family history of coro- 1.87  1.21-2.90 2.67 1.68-4.24 













nary disease 

Physical examination 

Third heart sound 3.14 1.73-5.70 3.01 1.62-5.61 
Electrocardiogram 

Normal 0.17 0.08-0.36 0.15 0.07-0.34 










ST-segment elevation 7.65 3.99-19.56 11.07 4.11—29.8C 
Q wave + ST elevation 8.29 3.81-18.04 8.64 3.84-19.42 
Paced rhythm 3.98 1.73-9.18 4.00 1.68-9.52 


Cl = confidence interval. 


TABLE Il! Correct Prediction of Events and No Events by 
Discriminant Function Analysis Based on Patient Disposition 













Patient Events 
Population (pred./obs.) 


No Events 
(pred./obs.) p Value 


149/182 (82%) 0.001 
99/120 (83%) NS 













52/83 (63%) 
30/40* (75%) 


Total population 

Initially admitted 
to hospital 

Discharged from 
hospital after 
having no 
events in-hospi- 
tal 

Discharged di- 
rectly from ER 







14/271 (52%) 





¿73/33 (100%) | «0.001 








8/161 (50%) 77/89 (87%) 0.002 











*All events occurred within 4 
48 hours of ER presentation; 
presentation. 

$p = 0.04. 

Average interval between ER visits and 41 late events (occurring after 48 hours of ER 
visit) was 9.7 + 6.9 months. 
ER = emergency room; NS = not significant; obs. — observed; pred. — predicted. 


8 hours of ER presentation; tall events occurred after 
fall but 2 events occurred after 48 hours of ER 








Observed versus predicted events in individual pa- 
tients: The results of discriminant function analysis for 
predicting outcome are depicted in Table III. Of 83 to- 
tal events, the 7 significant variables together were ac- 
curate in predicting events in less than two thirds of all 
cases. However, these variables were more accurate 
(8296 correct predictions) in determining the occurrence 
of no events (p = 0.001). The best prediction of actual 
events and no events was in the patients initially admit- 
ted to the hospital. In this subset of patients, events 
were correctly predicted in 75%, and no events were cor- 
rectly predicted in 8396. In those patients who were dis- 
charged without having an event after admission to the 
hospital, and in those who were directly discharged 
from the ER, the model was correct in predicting events 
only half the time. In these patients, most events (41 of 
43) occurred after 48 hours of presentation to the ER. 
The model was significantly inferior (p = 0.04) in pre- 
dicting events occurring after 48 hours than in those 
occurring within 48 hours, despite being good in deter- 
mining the occurrence of no events in both instances. 
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DISCUSSION 

This study demonstrates 2 important findings. First, 
the 2-year event rate in patients presenting to the ER 
with cardiac-related symptoms (31%) is high. Half the 
events occur within the first 48 hours of ER presenta- 
tion, whereas the other half occur in the ensuing 2 
years. Second, the current methods of assessing such pa- 
tients in the ER are significantly inferior in predicting 
events occurring after 48 hours (whether they were ini- 
tially admitted to the hospital and then discharged with- 
out having an event or directly discharged from the ER) 
compared with those occurring within 48 hours. These 
findings underscore the need for better tools for evaluat- 
ing this high-risk population presenting to the ER. 

Risk of events: It is well-known that patients pre- 
senting to the ER with cardiac-related symptoms are at 
risk for acute events, especially myocardial infarction." 
However, what is not as well-known is that these pa- 
tients are as likely to have late-occurring as immediate 
events. Furthermore, whereas these events frequently 
occur in patients with cardiac diagnoses, a small but 
significant number (7% in our study) occur in those 
with noncardiac diagnoses. Moreover, neither presence 
of a cardiac diagnosis nor clinical findings using the 
customary approach are very predictive in determining 
long-term outcome in these patients. There was a recent 
additional study that also documented adverse long- 
term outcome in patients presenting to the ER with car- 
diac-related symptoms.!> 

Independent and incremental value of tests per- 
formed in succession: Whereas the independent predic- 
tive value of various findings has been documented, par- 
ticularly in the context of myocardial infarction, ?:? 
their comparative and incremental value was not previ- 
ously addressed. In this study, the prognostic value of a 
physical examination was not as high as that of history, 
whereas that of the electrocardiogram was superior to 
both. When significant historical and physical examina- 
tion variables were combined they provided greater 
prognostic information than either alone; the addition 
of the electrocardiogram added further important in- 
formation. Additionally, whereas the majority of the 
prognostic information was contained in the electrocar- 
diogram, history and physical examination provided ad- 
ditional prognostic information. 

Prediction of events versus disposition: Despite the 
aforementioned results, our current approach of evalu- 
ating patients in the ER is less than optimal for risk- 
stratification. Whereas this approach is acceptable for 
predicting the occurrence of no events, it is not accept- 
able for predicting events. The power to predict events 
decreases even further in patients in whom events occur 
after 48 hours of ER presentation. Although three 
fourths of the events occurring within 48 hours can be 
predicted using the current approach, only half of those 
occurring after 48 hours can be predicted. The Cox 
model developed and tested in this study cannot be con- 
sidered to be biased in favor of early events on the basis 
of the number of events, because late events occurred as 
frequently as early ones. Furthermore, although events 
were more likely to occur in certain diagnostic classes 
such as ‘rule out infarction’/unstable angina and heart 


failure, the majority of patients in these classes did not 
have an event. Consequently, not only are individual 
variables poor in predicting events, but the overall clini- 
cal impression is not very valuable either. 

Comparison with previous studies: Previous litera- 
ture has mostly focused on the accurate diagnosis of 
myocardial infarction in the ER. !.2,5,6.8,9,16-24 To opti- 
mize its detection, computer-based algorithms,*? rapid 
assessment of cardiac isoenzymes,6-* measurement of 
serum myoglobin,'? detailed analysis of the electrocar- 
diogram, 5929 thallium-201 imaging?! and 2-dimension- 
al echocardiography22-4 have all been used with differ- 
ing degrees of success. 

There have been fewer attempts at assessing long- 
term outcome in patients presenting to the ER. Lee et 
al25 reported a high 48- to 72-hour mortality rate in 
patients with the missed diagnosis of myocardial infarc- 
tion. Schor et al/6 found that serious cardiovascular con- 
ditions had been overlooked in 15% of patients dis- 
charged from the ER. A 12% 2-year mortality was re- 
ported by the Collaborative Chest Pain Study Group.!° 
However, the relative merits and limitations of ER vari- 
ables for determining outcome were not evaluated in 
these studies. 

Clinical implications: This study indicates that the 
current methods of evaluating patients in the ER are 
inadequate in predicting cardiovascular events and are 
particularly lacking in predicting late-occurring ones. 
This issue is of major concern because the incidence of 
late events is as high as that of immediate ones. Meth- 
ods of identifying patients at risk for events, even if 
these are not immediately imminent, would allow a 
more comprehensive approach toward patient disposi- 
tion and work-up. Data from our institution suggest 
that one approach to improve risk-stratification could 
be the noninvasive evaluation of regional and global left 
ventricular function in the ER. In this study we found 
that presence or absence of left ventricular dysfunction 
significantly enhanced the ability to predict both imme- 
diate and late events.2” Other approaches may be as ef- 
fective and need to be tried. 

The necessity of risk-stratifying in the ER, rather 
than evaluating patients at a later date, is further com- 
pelled by inconsistency in follow-up visits to chest pain 
clinics by those initially evaluated in the ER. Once the 
symptoms are resolved there is a tendency not to seek 
follow-up. However, if a high-risk patient is identified in 
the ER, such a patient could be targeted for aggressive 
follow-up care and further evaluation in the immediate 
future. Whether such an approach will succeed can only 
be determined in a prospectively designed study. 

Another issue not addressed in this study but of ma- 
jor concern relates to the cost-effectiveness of our meth- 
ods of evaluating patients in the ER. For example, de- 
spite the limitations of our current methods for identify- 
ing high-risk patients, we found that these methods 
were acceptable in identifying those who are likely not 
to have events. However, we tended to admit such pa- 
tients to the hospital. Of the 160 patients admitted to 
the hospital, 75% did not have events in the hospital, 
and 58% did not have events during 2-year follow-up. 
Methods that would not only allow better identification 
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of high-risk patients, but would also increase physician 
confidence in identifying low-risk ones would be most 
useful in the ER setting. Our own experience suggests 
that the noninvasive evaluation of left ventricular func- 
tion could be invaluable in this regard.2427 Other ap- 
proaches, using newer available technologies, need to be 
evaluated in patients presenting to the ER with cardiac- 
related symptoms. 


APPENDIX 

Variables analyzed: HISTORICAL: Age*; gender; type 
of chest pain (typical/atypical); history of: myocar- 
dial infarction,* cerebrovascular accident, coronary 
revascularization, congestive heart failure,* smoking, 
diabetes mellitus,* hypercholesterolemia, systemic hy- 
pertension*; family history coronary disease.* 

PHYSICAL EXAMINATION: Blood pressure; heart rate; 
pulmonary rales*; third heart sound*; fourth heart 
sound*; peripheral edema. 

ELECTROCARDIOGRAM: Normal*; T-wave inversion; 
ST-segment elevation alone*; Q waves; Q waves with 
ST-segment elevation*; nonspecific ST-T changes; ST- 
segment depression; left ventricular hypertrophy with 
strain; left ventricular hypertrophy; left bundle branch 
block*; right bundle branch block; paced rhythm.* 
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sules in a noncomparative clinical trial has shown that concomitant administration of — and beta-blocking agents is usual- occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or con- 
ly well tolerated but there have been occasional literature reports Suggesting that the combination may increase the likelihood of duction disturbances each occurred in fewer than 0.5% of patients, 
congestive heart failure, severe hypotension, or exacerbation of angina. In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy, the pattern and incidence of 
Long Acting Nitrates: Nifedipine may be safely co-administered with nitrates, but there have been no controlied studies to eval- adverse experiences was not different from that of the entire group of Procardia treated patients (See PR CAUTIONS.) 
uate the antianginal effectiveness of this combination. In a subgroup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or light- 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Effectiveness of Oral Sotalol for Treatment of 
Pediatric Arrhythmias 


Pascale Maragnés, MD, Marion Tipple, MB , BS, and Anne Fournier, MD 
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Sotalol is a 8 blocker with class III activity. Few in- 
vestigators have reported its use in pediatric pa- 
tients. From August 1985 to May 1990, 66 pa- 
tients (mean age 8.7 years; range 9 days to 24 
years), including 14 infants aged <3 months, were 
treated with oral sotalol alone (n = 46) or in asso- 
ciation with digoxin (n = 20). Supraventricular re- 
entrant tachycardia was present in 38 patients 
(20 with documented preexcitation), atrial flutter 
in 10 and atrial ectopic tachycardia in 7. Three 
patients had other types of supraventricular 
tachycardia. Tachycardia was of ventricular origin 
in 6 patients and both of supraventricular and ven- 
tricular origin in the remaining 2. Mean dose of 
oral sotalol was 135 mg/m?/day given in 2 doses. 
Congenital heart disease was present in 28 pa- 
tients, 14 with previous cardiac surgery, mostly at 
the atrial level. Prior treatment with 1 or more 
antiarrhythmic agent had been unsuccessful in 
83% of patients. Mean duration of treatment was 
13.3 months (range 2 months to 5 years). Overall, 
treatment was successful in 79% of cases. High- 
est rate of success was observed in patients with 
supraventricular reentrant tachycardia with or 
without preexcitation (89%) and in those with atri- 
al ectopic tachycardia (85.5%). Atrial flutter could 
be controlled in 60% of cases. Sotalol seemed less 
effective in ventricular tachycardia with a com- 
plete control of the arrhythmia being achieved in 
only 17%; however, it decreased the number of 
runs of ventricular tachycardia and the number of 
ventricular premature complexes in 50% of pa- 
tients. There were no adverse effects in 89% of 
patients. Two patients with previous sick sinus 
syndrome had worsening of their bradycardia ne- 
cessitating implantation of a pacemaker in 1. So- 
talol is a very effective drug for the treatment of 
the various pediatric arrhythmias, in particular su- 
praventricular arrhythmias, without significant 
adverse effects. 

(Am J Cardiol 1992;69:751-754) 
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those found in adults, but more frequently of 

supraventricular origin. Some can be controlled 
easily but others are known to be refractory to medical 
treatment and carry a high morbidity.' Children and 
adults differ in the mechanism of arrhythmia, as well as 
in the response to antiarrhythmic drugs.? Use of sotalol 
in children has only been reported sporadically and in 
small series.^^ This study from 2 pediatric centers re- 
ports the efficacy of sotalol for the treatment of various 
types of arrhythmias in a large group of pediatric pa- 
tients. 


A rrhythmias in pediatric patients are similar to 


METHODS 

From August 1985 to May 1990, 66 patients (35 
females and 31 male infants and children) were treated 
with oral sotalol (39 from Sainte-Justine Hospital and 
27 from British Columbia Children’s Hospital). Sotalol 
was given alone to 46, and combined with digoxin to the 
remaining 20. Mean age at the beginning of treatment 
was 8.7 years (range 9 days to 24 years [median age 8.6 
years]). Fourteen patients were aged «3 months and 
only 7 were aged >18 years. 

Duration of treatment ranged from 2 days to 5 years 
(mean 13.3 + 14.3 months). Mean dose of oral sotalol 
was 135 mg/m?/24 hours (4.3 mg/kg) (range 40 to 350 
mg/m?; 2 to 8 mg/kg) in 2 daily doses; the starting dose 
was 200 mg/m?/24 hours up to 80 mg twice a day. 
Distribution of patients according to age, sex, duration 
of follow-up and dose of sotalol was similar for the 2 
institutions. 

Rhythm disturbances were defined according to pre- 
viously reported criteria. ê Standard electrocardiograms 
(87%) and 24-hour ambulatory monitoring (13%) were 
used to document and diagnose the arrhythmias. Elec- 
trophysiologic studies were performed in 4 patients with 
ventricular tachycardia and in 1 patient with wide com- 
plex tachycardia due to atrial tachycardia. 

Supraventricular tachycardia, presumed to be reen- 
trant, was present in 38 patients (20 with documented 
preexcitation), atrial flutter in 10, atrial tachycardia in 
7, junctional ectopic tachycardia and chaotic atrial 
tachycardia in 2 infants, and permanent form of junc- 
tional reciprocating tachycardia in 1. Six patients had 
ventricular tachycardia: sustained in 2 and nonsustained 
in 4. Two patients had both supraventricular and ven- 
tricular tachycardia. 

Thirty-eight patients (57.5%) had structurally nor- 
mal hearts. Of the 28 with congenital heart disease, 14 
had previously undergone cardiac surgery, 13 at the 
atrial level and 1 at the ventricular level (Table [). 

Before therapy with sotalol, 55 patients (83%) had 
received 1 to 8 other drugs or drug combinations with- 
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No. of 
Pts. 


Normal 


Rhythm Disturbance Heart 





SVT with preexcitation 


SVT without preexcitation 18 13 
Atrial tachycardia 7 l 
Atrial flutter 10 0 


Chaotic atrial rhythm l l 
Permanent form of junc- l l 
tional reciprocating 
tachycardia 
Junctional ectopic tachy- l l 
cardia 
VT 6 4 
VT and SVT 2 l 





out success (mean — 1.8) including digoxin, proprano- 
lol, metoprolol, verapamil, quinidine, propafenone, mex- 
iletine and disopyramide. 

Efficacy of treatment was assessed by the lack of 
recurrence of arrhythmia, 12-lead electrocardiograms, 
and, in 46 patients, 1 or more 24-hour electrocardio- 
graphic recordings. The 20 patients who did not have 
Holter monitoring had supraventricular tachycardia 
and were old enough to use symptomatology alone to 
appraise the efficacy of treatment. Treatment was con- 
sidered completely effective if there was no recurrence 
of the arrhythmia during the follow-up period. Reen- 
trant supraventricular tachycardia was considered par- 
tial when the recurrence rate was significantly de- 
creased («1 episode per month) and the attack duration 
<5 minutes. For patients with atrial or ventricular 
tachycardia, or both, treatment was considered partially 


EH Complete Efficacy 
Partial Efficacy 


0 
SVT (-w" SVT (*wPwW) AET 





(-WPW) - without preexcitation; 
SVT (+WPW) = supraventricular tachycardia with preexcita- 
tion; VT = ventricular tachycardia. 


4 (Ebstein 1, L-TGA 1, 


4 (ASD 1, Ebstein 1, 


2 (CM 1, VSD 1) 4 (Fontan and permanent 
pacemaker) 
2 (CM 2) 8 (Fontan and permanent 
pacemaker 3, Fontan 2, 
PAVSD 1, DORV 1, 
Mustard 1) 
0 0 
0 0 
0 0 
2 (ARVD 1, CM 1) 
0 1 (Mustard and perma- 


ARVD = arrhythmogenic right ventricular dysplasia; ASD = 
double-outlet right ventricle; L-TGA = L-transposition of the great arteries; PAPVR = partial anomalous pulmonary venous 
return; PAVSD = partial atrioventricular septal defect; SVT = supraventricular tachycardia; UVH = univentricular heart; 
VSD = ventricular septal defect; VT = ventricular tachycardia. 
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effective when the patient became asymptomatic; how- 
ever, on Holter monitoring, such treatment was consid- 
ered effective when the number of atrial or ventricular 
complexes or runs was reduced by 60 to 90%.’ For atri- 
al flutter, the treatment was considered adequate when 
complete elimination of the arrhythmia occurred. 

Echocardiograms were recorded before and after ini- 
tiation of therapy in 97% of patients to assess ventricu- 
lar function. 

Statistical analysis of proportions was determined by 
Fisher’s exact test, and comparison of means by paired t 
test, and a probability value «0.05 was considered sig- 
nificant. 


RESULTS 

Overall, sotalol was considered effective therapy for 
79% (52 of 66) of patients. Complete control of arrhyth- 
mia was achieved in 62% (41 of 66) and partial in 
16.5% (11 of 66). Of the 14 infants <3 months of age, 
12 (8670) were completely controlled (11 with supra- 
ventricular tachycardia and 1 with junctional ectopic 
tachycardia). 

The efficacy of treatment for specific arrhythmias is 
shown in Figure 1. The highest rate of success (com- 
plete as well as combined partial and complete effective- 
ness) was achieved in patients with reentrant supraven- 
tricular tachycardia (34 of 38 [89%]) with or without 
preexcitation. Efficacy was high in patients with atrial 
tachycardia (6 of 7 [85.5%]) and considered adequate 
in patients with atrial flutter (6 of 10 [60%]). For the 
few patients with chaotic atrial rhythm, permanent 
form of junctional reciprocating tachycardia, and junc- 
tional ectopic tachycardia, sotalol was found effective 
only in the patient with junctional ectopic tachycardia. 

Sotalol was found effective for the complete control 
of ventricular arrhythmias in only 1 of 6 patients (17%); 
however, it suppressed symptoms and reduced the num- 
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ber of runs of ventricular tachycardia and ventricular 
premature contractions in 3 of 6 patients (50%). 

In the 2 patients with combined supraventricular 
and ventricular tachycardia, sotalol was effective only in 
controlling the supraventricular arrhythmia. 

There was no significant difference in the efficacy of 
sotalol between patients with congenital heart disease 
(75%), either before (80%) or after (71%) surgery and 
in patients with normal hearts (82%). There was no cor- 
relation between the doses of sotalol and the rate of suc- 
cess. Prior treatment with other antiarrhythmic agents 
also had no influence on the success rate of sotalol (76 
vs 79%). Twenty patients continued to receive digoxin 
when sotalol was used, in most for its inotropic effect. 
Combination treatment with digoxin was no more effec- 
tive than single treatment with sotalol (75 vs 80%). 

The length of follow-up for patients successfully 
treated with sotalol ranged from 2 months to 4.9 years 
(mean 16 + 15 months). Treatment was discontinued in 
30 patients: in 11 because of complete suppression of 
arrhythmia, in 12 because of lack of efficacy, in 4 by 
decision of the treating physician, and in 3 because of 
adverse effects. 

Most patients (89%) had no adverse effects. No sig- 
nificant increase in corrected QT interval occurred; the 
mean QTc before administration of sotalol was 0.41 + 
0.04 compared with 0.42 + 0.05 after sotalol, p = 0.2. 
There was no decrease in left ventricular shortening 
fraction in patients with previously depressed cardiac 
function, nor in patients with normal cardiac function. 
The most frequent adverse effect observed was fatigue 
in 4, resulting in discontinuation of therapy in 2. One 
patient with ventricular tachycardia, receiving the high- 
est dose (350 mg/m?) had 1 episode of syncope leading 
to immediate withdrawal of therapy. This episode was 
presumably due to hypotension, but a proarrhythmic ef- 
fect of the drug cannot be eliminated since no electro- 
cardiogram was recorded during the episode. In 2 pa- 
tients with sick sinus syndrome, 1 after a Fontan anas- 
tomosis and the other with dilated cardiomyopathy, 
significant exacerbation of bradycardia (38 and 40 
beats/min, respectively, while awake) was noted. The 
patients remained asymptomatic, but a permanent 
pacemaker was implantated in 1. However, in patients 
with previously implanted pacemakers it was impossible 
to determine the extent to which the bradycardia was 
exacerbated. No other proarrhythmic effects were ob- 
served. 


DISCUSSION 

Sotalol is devoid of membrane-stabilizing or intrinsic 
sympathomimetic activity and prolongs the action po- 
tential duration of the atria and ventricles. Unlike other 
B-blocking agents it lengthens effective and absolute re- 
fractory periods of all cardiac tissues; atria, ventricles, 
His-Purkinje system, and both retrograde and antero- 
grade directions of bypass tracts. In addition, it slows 
the heart rate, delays intranodal conduction and pro- 
longs the refractory periods of the atrioventricular node 
similar to other B-blockers. These combined actions 
damonstrate both the class II and III properties of this 
drug. 


The efficacy of sotalol for the treatment of supraven- 
tricular arrhythmias in the adult population has been 
well proven,-!? with better tolerance than other 6 
blockers and quinidine.? Sotalol has been used exten- 
sively for treating ventricular ectopy and ventricular 
tachycardia in adults, with good control of the arrhyth- 
mia, and found again to be superior to conventional 8- 
blockers.!?-!6 It is clinically safe with a low incidence of 
adverse effects.!’ 

In the immature mammalian heart, sotalol has 
marked electrophysiologic effects, especially at the atri- 
al level as well as the atrioventricular node and ventric- 
ular levels. In contrast to adult animals, the neonatal 
sinus node is less affected.!*:! 

Conventional 8-blocking agents are known to be bet- 
ter tolerated in children than in adults and have long 
been used in the treatment of supraventricular tachy- 
cardias in the young.”° 

Few reports of the use of sotalol in the pediatric pop- 
ulation are available and to our knowledge the total 
number of patients reported to date is <20.°* The first 
report of the use of sotalol in children was by Attuel et 
al? in 1985. Successful treatment of atrial tachycardia 
was achieved in 7 of 9 patients. Five patients with ven- 
tricular tachycardia had a limited response. Using intra- 
venous preparation of sotalol in 2 patients aged «20 
years, Levy et al!! successfully converted atrioventricu- 
lar reentrant tachycardia. Oral sotalol was successful in 
treating 2 premature infants born with hydrops foetalis 
secondary to fetal supraventricular tachycardia after 
failure of digoxin and propranolol therapy in utero.‘ 

In this study, sotalol proved very effective in the 
treatment of reentrant supraventricular tachycardia 
presumed to be reentrant. The success rate of 89% is 
comparable to that reported in adults.'° Similar to re- 
sults in adults,?! sotalol was as effective in patients with 
documented preexcitation as in those without. In our 
series, several patients whose treatment with proprano- 
lol or metoprolol had previously been unsuccessful re- 
sponded to sotalol. This is similar to the adult experi- 
ence!? and points to the clinical importance of sotalol's 
class III properties. When comparing the use of sotalol 
to conventional treatment by digoxin with or without 
propranolol2? or atenolol,” sotalol appears superior in 
preventing recurrences and eliminates the potential haz- 
ard of digoxin in enhancing the anterograde conduction 
of accessory pathways.** 

In children, atrial flutter is usually associated with 
cardiac disease prevalent in postoperative patients and is 
related to a high morbidity and mortality. Overall, pre- 
viously reported therapy has only been successful in 
eliminating atrial flutter in 58% of patients.” Atrial 
tachycardia is notoriously difficult to treat." Amioda- 
rone has been the most effective therapy reported for 
both arrhythmias but has serious side effects especially 
with long-term use.*’ Our success rate for sotalol com- 
pares favorably to the reported efficacy of amioda- 
rone.2526 

Sotalol was not effective in the patient with chaotic 
atrial tachycardia and in the one with permanent form 
of junctional reciprocating tachycardia. One patient 
with junctional ectopic tachycardia was rapidly con- 
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trolled with sotalol. To our knowledge this is the first 
report of successful treatment of this type of arrhythmia 
with this drug. 

Ventricular tachycardia occurs less often in children 
than in adults. It may occur in patients with apparently 
normal hearts and is often difficult to control even with 
multiple drug therapies.”* Thus, it is not surprising that 
the treatment of ventricular tachycardia was less suc- 
cessful than that of supraventricular arrhythmias. Our 
results are similar to those reported in the other pediat- 
ric series? but less successful than those reported in 
adults.'? 

The incidence of adverse effects was low in this se- 
ries, comparable to that reported in adults.!7 Exacerba- 
tion of the bradycardia in 2 patients with sick sinus syn- 
drome could also be anticipated with most antiarrhyth- 
mic agents. Implantation of a pacemaker is usually 
recommended when administering antiarrhythmic ther- 
apy other than digoxin alone in this group of patients.?? 
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Reproducibility of Head-Up Tilt-Table Testing for 
Eliciting Susceptibility to Neurally 





Mediated Syncope in Patients Without 


Structural Heart Disease 


Xiao Chun Chen, MD,* Meng Yang Chen, MD, Stephen Remole, MD, Youichi Kobayashi, MD, 
Ann Dunnigan, MD, Simon Milstein, MD, and David G. Benditt, MD 


Head-up tilt testing has gained acceptance as a 
tool for assessing susceptibility to neurally mediat- 
ed syncopal syndromes (e.g., vasovagal syncope), 
and is currently being evaluated as a means of 
testing therapeutic interventions in these condi- 
tions. To assess reproducibility of head-up tilt 
testing and thereby assess the potential of such 
testing for immediate evaluation of a planned 
treatment, findings during 2 sequential 80? head- 
up tilt tests were compared in 23 patients (age 
range 6.5 to 74 years) undergoing evaluation of 
syncope of unknown origin. Upright tilt was per- 
formed initially in the absence of drugs, and re- 
peated if necessary during pharmacologic provo- 
cation by means of isoproterenol infusions of 1 
and 3 „g/min (tilt 1). End points were syncope, 
maximal tolerated isoproterenol dose, or a tilt du- 
ration of 10 minutes. The second tilt test (tilt 2) 
was conducted after approximately 30 minutes of 
supine rest using the maximal provocative condi- 
tions used in tilt 1. Fifteen of 23 patients (65%) 
developed syncope in either tilt 1 or 2, while 8 of 
23 (3596) remained asymptomatic. Tilt testing re- 
sults were concordant (i.e., positive in both tests, 
or negative in both tests) in 20 of 23 (87%) pa- 
tients. Concordance was, however, less among 
tilt-positive patients (12 of 15, 80%) since 3 pa- 
tients were tilt-positive in tilt 1 only. In the 15 tilt- 
positive patients, heart rates, systolic and diastolic 
blood pressures at time of maximal tilt provoca- 
tion were similar for both tilts (heart rate 1, 67 + 
27; 2, 82 + 34 beats/min; systolic blood pressure 
1: 50 + 11 mm Hg; 2, 60 + 21 mm Hg [p = not 
significant (NS)]; diastolic blood pressure 1, 27 + 
12 mm Hg; 2, 33 + 18 mm Hg [p = NS)). Further- 
more, time from tilt onset to syncope did not differ 
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in tilt 1 and 2. Among the 15 patients who were 
tilt-positive in tilt 1, the procedure was tolerated 
for 3.7 + 2.1 minutes during the first test com- 
pared with 4.5 + 3.2 minutes in the second test 
(p = NS). The outcomes were even closer if only 
patients developing syncope during both tests are 
considered (tilt 1, 3.7 + 2.1 minutes vs tilt 2, 3.1 
+ 1.8 minutes). Similarly, in the S tilt-test negative 
patients, minimal recorded systolic blood pressure 
and diastolic blood pressure did not differ in the 2 
tests. Thus, upright tilt testing appears to exhibit 
a relatively high degree of reproducibility when a 
second study is performed on the same day. Con- 
sequently, 2 sequential tilt tests may be useful for 
assessing the immediate effect of therapeutic in- 
terventions on susceptibility to neurally mediated 
hypotension-bradycardia syndrome. 

(Am J Cardiol 1992;69:755-760) 


dycardia (e.g., vasovagal syncope) is believed to 
account for the majority of reported faints, espe- 
cially among persons without evident structural cardio- 
vascular disease.!-^ Unfortunately, substantiating a neu- 
rally mediated origin for syncopal spells is often exceed- 
ingly difficult, and in the past this diagnosis has been 
largely one of exclusion. Recently, however, head-up 
tilt-table testing has been found effective for reproduc- 
ing symptomatic neurally mediated hypotension-brady- 
cardia in many susceptible patients;?-? and has become 
increasingly accepted as a useful tool for evaluating pa- 
tients in whom neurally mediated mechanisms are sus- 
pected.^5 On the other hand, the value of tilt-table test- 
ing for assessing immediate therapeutic interventions is 
uncertain. 
Among the crucial factors that impact the usefulness 
of tilt-table testing for assessment of treatment (e.g., 
drugs, pacing protocols) is the reproducibility of the 
procedure. Consequently, this study examined reproduc- 
ibility of electrocardiographic and hemodynamic obser- 
vations during 2 sequential head-up tilt tests conducted 
on the same day in patients being evaluated for syncope 
of unknown origin. 


S yncope due to neurally mediated hypotension-bra- 


METHODS 
Twenty-three patients (ages 6.5 to 74 years) partici- 
pated in this study. All patients fulfilled the follow- 
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ing criteria: (1) history of syncope which remained un- 
explained after thorough clinical evaluation including 
medical history and physical examination, 12-lead elec- 
trocardiogram, ambulatory electrocardiographic moni- 
toring and neurologic evaluation; (2) absence of under- 
lying structural heart disease, including clinically sig- 
nificant left ventricular dysfunction (ejection fraction 
>45%); (3) absence of cardioactive medications for >5 
drug half-lives before the study; and (4) absence during 
conventional electrophysiologic testing of abnormalities 
sufficient to account for syncopal symptoms. 
Electrophysiologic techniques used in this laboratory 
to define a presumptive basis for syncope have been 
summarized previously.5-!? During the studies reported 
here, intraarterial pressure (calibrated to right atrial 
level) was monitored continuously. Intravenous and in- 
traarterial lines were placed 230 minutes before begin- 
ning the studies described later. Electrocardiographic 
and electrophysiologic recordings were obtained at a pa- 
per speed of 50 or 100 mm/s using an Electronics for 
Medicine VR-16 recorder (filter settings 50 to 1,000 Hz 
for intracardiac electrograms) for signal conditioning 
and a Siemens-Elema multichannel ink-jet recorder for 


obtaining tracings. Written informed consent for both 
electrophysiologic study and tilt-table testing was ob- 
tained from all patients. 

The tilt-table testing procedure was performed in a 
diagnostic laboratory in which ambient lighting was re- 
duced to a comfortable level, and staff were instructed 
to observe the patient discreetly, but to minimize con- 
versation and movements in the room. Entry into and 
exit from the testing room by staff was discouraged, and 
every effort was made to avoid other disturbing factors 
such as noise from overhead paging or telephones. The 
temperature of the room was maintained at a comforta- 
bly cool level, since patients were draped for the proce- 
dure. The degree of restraint used was minimal, and 
was designed only to prevent patients from falling from 
the table should syncope occur. 

Initial upright tilt protocol (tilt 1): In this study each 
patient underwent 80? head-up tilt (control tilt) of up to 
10 minutes' duration on a tilt table with a footboard for 
weight-bearing. The tilt-table protocol in use in this lab- 
oratory at the time of this study was as follows. If syn- 
cope developed during control tilt, the patient was rap- 
idly lowered to the supine position and the study termi- 
nated. If control tilt for 10 minutes did not induce 
syncope, patients were returned to the supine position. 
A continuous intravenous isoproterenol infusion was 
then started at 1 ug/min and continued for a minimum 
of 5 minutes with patients supine. An electronically con- 
trolled infusion pump was used to assure stable drug 
delivery, independent of patient position. Upright tilt 
testing was then repeated (X10 minutes' duration). If 
the patients remained asymptomatic during the upright 
tilt with 1 ug/min infusion, the rest period and upright 
tilt provocation were repeated using an isoproterenol in- 
fusion rate of 3 ug/min. Protocol end points were: (1) 
syncope; (2) completion of 3 ug/min isoproterenol infu- 
sion stage; (3) patient intolerance to isoproterenol (e.g., 
severe headache, nausea, etc.); and (4) heart rate >150 
beats/min. Syncope was defined as transient loss of con- 
sciousness (e.g. inability to respond appropriately to 
questioning) with associated loss of postural tone. The 
tilt procedure was continued until this or one of the pre- 
viously noted end points was observed. Brief periods of 
hypotension with spontaneous recovery while still up- 
right did occur, but were not considered end points. No 
complications were encountered, and resumption of the 
supine position alone was sufficient to reverse induced 
bradycardia and hypotension in susceptible persons. 

Second upright tilt (tilt 2): After completion of tilt 1, 
each patient was allowed to rest in the supine position 
for approximately 30 minutes. A second tilt test (tilt 2) 
was then conducted using the same test conditions (i.e., 
no drug, isoproterenol 1 or 3 ug/min) that had been 
associated with the end point of tilt 1. 

Data analysis: Heart rate (beats/minute) and arte- 
rial pressure were monitored continuously before and 
during each tilt test, and are reported for onset of tilt 
(i.e., within the first 30 seconds of full upright posture) 
and for termination of each tilt-test procedure. Tilt-test 
duration (i.e., the interval from onset of tilt until one of 
the previously noted end points was achieved) was re- 
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corded for both tilt procedures. Data are expressed as 
mean + standard deviation. Intertest (i.e., tilt 1 versus 
2) comparisons were analyzed by Student's ¢ test for 
paired observations. A p value «0.05 was considered 
statistically significant. 


RESULTS 

Clinical and electrophysiologic findings: Table I 
summarizes clinical findings and outcome of each of the 
2 tilt-test procedures in the 23 patients (mean age 24 + 
15.3 years) included in this study. Conventional electro- 
physiologic testing was entirely normal in 19 of 23 pa- 
tients. Patient 9 exhibited frequent ventricular ectopic 
beats. Both patients 7 and 21 exhibited discontinuous 
atrioventricular (AV) node conduction curves compati- 
ble with *dual AV nodal physiology," but only patient 7 
had inducible reciprocating tachycardia. This latter ar- 
rhythmia (cycle length 400 ms, heart rate 150 beats/ 
min) was not associated with hypotension in the base- 
line state, during upright tilt or during isoproterenol in- 
fusion. Similarly, patient 20 had moderately prolonged 


FIGURE 1. Graphs summarizing heart 
rate measurements in tilt-test positive pa- 
tients for each of the 2 tilt-test procedures 
(tilt 1, tilt 2 — abscissa). Left to right, 
data are provided for the baseline supine 


Heart rate is indicated on the ordinate in 
beats per minute. Dashed lines depict 
findings in the 3 patients who exhibited a 
positive tilt on the first trial, and were neg- 
ative during the second test. Mean value 
and standard deviation indicators provided 
incorporate results from all 15 patients. 
Baseline heart rates were less for tilt 2 
than for tilt 1 (see text). Additionally, 
heart rate at maximal tilt duration was 
less in tilt 1 (67 + 27.3 beats/min) than in 
tilt 2 (83 + 34.1 beats/min, p <0.05). 
However, this difference was primarily the 
result of findings in the 3 patients who did 
not develop syncope in tilt 2 (see text). 


HEART RATE bpm 


corrected sinus node recovery times. However, in the 
absence of other evidence of sinus node dysfunction, 
these findings did not appear sufficient to account for 
recurrent syncope. Finally, patient 18 had previously 
undergone AV nodal modification to eliminate symp- 
toms due to AV nodal reentry tachycardia. Electrophys- 
iologic testing in this patient was normal at time of en- 
try into this study. 

For purposes of analysis, patients were divided into 2 
groups according to the results of tilt testing. In 15 pa- 
tients (patients 1 through 15, mean age 22 + 9 years, 
Table I) syncope was inducible in 1 or both tilt tests 
(tilt-test positive). Among these 15 patients, isoprotere- 
nol infusion (1 ug/min) was required in only 2 (patients 
8 and 9) in order to induce symptoms. In the remaining 
8 patients (27 + 23 years) (patients 16 through 23, Ta- 
ble I) syncope did not develop in either test (tilt-test 
negative). In these patients isoproterenol infusions were 
typically used but no symptoms occurred. For purpose 
of analyses, however, only findings obtained in the ab- 
sence of isoproterenol are provided since these seemed 
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FIGURE 2. Graphs depicting mean arterial 
blood pressure values during each of the 2 


to that of Figure 1, with the exception of 
the ordinate, which indicates mean arteri- 
al pressure in mm Hg. Dashed lines again 
indicate findings in the 3 patients who 
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sence of isoproterenol are provided since these seemed 
most comparable to the first 15 patients. Figures 1 
through 4 summarize heart rate and mean arterial pres- 
sure findings before (baseline) and after initiation (on- 
set) of upright tilt in each patient, and at maximal dura- 
tion of tilt-table exposure, for each of the 2 tilt tests. 
Baseline (supine) heart rate and blood pressures: In 
the 15 tilt-test positive patients, baseline supine heart 
rates tended to be faster before the first tilt test than 
the second (tilt 1, 91 + 18.8 beats/min vs tilt 2, 85 + 
16.9 beats/min, p <0.005) (Figure 1), perhaps because 
of greater apprehension before the first study, or dimin- 
ished sensitivity to endogenous or exogenous catechol- 
amine based on recent prior exposure (i.e., tachy- 
phylaxis). Supine systolic, diastolic blood, and mean 
pressures recorded just before each tilt did not differ 
significantly (systolic: tilt 1, 119 + 13.0 mm Hg; tilt 2, 
120 + 11 mm Hg, p = not significant [NS]; diastolic: 
tilt 1, 68 + 11.2 mm Hg; tilt 2, 66 + 10.4 mm Hg, 
p = NS). Similarly in the 8 patients without inducible 
syncope, heart rates before the first tilt tended to be 
faster, although not significantly (tilt 1, 100 + 19.7 
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beats/min vs tilt 2, 95 + 14.4 beats/min). Furthermore, 
systolic blood pressures did not differ in the 2 tests (tilt 
1, 118 + 20.5 mm Hg; tilt 2, 117 + 18.3 mm Hg, 
p= NS) although baseline diastolic blood pressures 
were somewhat lower before tilt 2 compared with pres- 
sures before tilt 1 (tilt 1, 70 + 9 mm Hg; tilt 2, 65 + 8.8 
mm Hg, p «0.01). Mean blood pressures did not differ 
significantly. 

Heart rate and blood pressure responses during up- 
right tilt: Among the 15 tilt-test positive patients, heart 
rate and systolic and diastolic blood pressures in the 
early stages of tilt-testing (approximately 30 seconds 
upright) did not differ in the 2 tilt tests. The same was 
true in tilt-table negative patients. Overall, upright tilt 
was usually accompanied by an increased heart rate, a 
small decrease in systolic blood pressure, and variable 
changes in diastolic blood pressure. 

In tilt-test positive patients, heart rate at time of 
maximal tilt exposure tended to be slower in tilt 1 than 
in tilt 2 (1, 67 + 27.3 beats/min; 2, 83 + 34.1 beats / 
min; p <0.05). However, this difference primarily re- 
flects findings in 3 patients (nos. 7, 13 and 14) in whom 
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syncope did not occur in tilt 2. When these 3 patients 
were excluded, heart rates at maximal tilt provocation 
were essentially identical (tilt 1, 67 + 27.3 beats/min; 
tilt 2, 72 + 28.9 beats/min, p = NS). Similarly, systolic 
and diastolic blood pressures after maximal tilt provoca- 
tion did not differ significantly in the 2 tests (systolic: 
tilt 1, 50 + 11 mm Hg; tilt 2, 59 + 21 mm Hg; diastol- 
ic: tilt 1, 27 + 12.9 mm Hg; tilt 2, 33 + 18.9 mm Hg). 
Again, apparent differences are attributable to findings 
in the 3 patients who became syncopal in tilt 1 but not 
during tilt 2 (Figures 1 and 2). Substantial reproducibil- 
ity of findings was also noted in the tilt-test negative 
patients (Figures 3 and 4). 

Reproducibility of syncope during tilt testing: 
Among the 15 patients developing syncope during tilt 1, 
the clinical picture was reproduced by the second tilt in 
12 of 15 patients (8096). Conversely, among the 8 pa- 
tients in whom syncope did not occur in the first test, 
none developed syncope in test 2. Overall, tilt-test re- 
sults were concordant (i.e., positive in both tests, or neg- 
ative in both tests) in 20 of 23 patients (87%). In addi- 
tion, the time to development of syncope was compara- 
ble. Overall, tilt-test positive patients tolerated 3.7 + 2.1 
minutes of upright tilt in the first test, and 4.5 + 3.2 
minutes in the second test (p = NS). These findings are 
even closer (tilt 1, 3.7 + 2.1 minutes vs tilt 2, 3.1 + 1.8 
minutes, p = NS) if one eliminates the 3 patients (7, 13 
and 14) who did not develop syncope in the second test. 


DISCUSSION 

This study provides 3 principal observations perti- 
nent to head-up tilt testing for evaluation of patients 
with recurrent syncope. First, within each patient elec- 
trocardiographic and hemodynamic changes observed 
during 2 successive tilt tests (conducted within 30 min- 
utes of each other on the same day) were similar. Sec- 
ond, symptom end points (syncope, no syncope) in the 2 
tilt tests were concordant in most cases (20 of 23 pa- 
tients [87%]). Finally, no patient had syncope induced 
during the second tilt-test procedure when it had not 
developed in association with the first tilt. Taken togeth- 
er, these findings are supportive of the view that tilt- 
table testing exhibits a potentially useful degree of re- 
producibility. However, the special circumstances asso- 
ciated with this study must be considered before broad 
application of the findings. 

Tilt testing for evaluation of neurally mediated syn- 
cope: Initial studies of the effect of upright tilt in hu- 
mans were concerned primarily with physiologic mecha- 
nisms involved in adjustment to upright posture.!!- ^ 
Recently, however, studies have focused on the use of 
provocative tilt testing for assessing susceptibility to 
neurally mediated (vasovagal) syncope.^? In this re- 
gard, available reports indicate that upright tilt testing 
is only infrequently (approximately 1096) associated 
with development of syncope in otherwise healthy con- 
trol subjects.$5.15-17 On the other hand, the response of 
patients with suspected neurally mediated syncope to 
upright tilt testing is strikingly different. For example, 
Kenny et a? reported findings during upright tilt in 15 
patients (mean age 65 + 10 years) being evaluated for 


recurrent syncope. Ten of 15 patients (67%) became 
syncopal after 29 + 19 minutes of tilt. More recently, in 
a broad overview of the subject, Fitzpatrick et al! con- 
cluded that up to 7596 of patients with unexplained syn- 
cope, despite thorough prior evaluation, may exhibit a 
positive head-up tilt test. 

The rationale for addition of isoproterenol infusion 
to upright tilt testing for evaluation of patients with sus- 
pected neurally mediated syncope is based on previous 
reports noting a close association of premonitory cate- 
cholamine surges to development of spontaneous vaso- 
vagal episodes.!??9 Conceivably, isoproterenol provoca- 
tion provides similar information with brief tilt-test*??! 
durations as that obtained by extended periods of up- 
right posture such as reported by Fitzpatrick et al.!? 

Reproducibility of tilt testing: The value of upright 
tilt-table testing for assessing therapeutic interventions 
is critically dependent on reproducibility of the proce- 
dure. Conceivably, a high level of reproducibility, even 
within the same day, would permit initial evaluation of 
pharmacologic or pacing system interventions, or both. 
In this study, 2 temporally closely spaced tilt tests pro- 
vided a concordant result (i.e., syncope in both, syncope 
in neither) in 20 of 23 patients (87%) undergoing evalu- 
ation for recurrent syncope. Concordance was 100% (8 
of 8) among tilt-test negative patients, but somewhat 
less among tilt-test positive patients (12 of 15, 80%). 
The reproducibility of upright tilt testing, when tests are 
spaced farther apart in time, remains to be more fully 
assessed. However, a preliminary report by Kenny et 
al,2? examining tilt tests separated by 24 to 48 hours in 
6 patients, revealed a remarkable degree of concordance 
(duplicate tests both positive in 6 of 6 patients [100%]). 
Based on these latter results, we have recently used re- 
peated upright tilt testing several days apart to assess 
the efficacy of oral disopyramide phosphate in patients 
with recurrent syncope.” Presumably the testing of oth- 
er therapeutic approaches, such as implantable devices, 
will profit from this experience. 

Clinical implications: Sequential upright tilt testing 
appears to provide a relatively reproducible method for 
assessing susceptibility to neurally mediated syncope in 
humans. Consequently, such testing may be helpful for 
the immediate assessment of potential therapeutic inter- 
ventions. Nonetheless, even in this well-controlled set- 
ting 3 of 15 patients (20%) who had originally had a 
"positive" tilt-table test had a negative "second" tilt test 
in the absence of therapy. Therefore interpretation of an 
apparent "therapeutic success" must be undertaken 
with caution, and a follow-up provocative tilt test with 
therapy is recommended some days or weeks later. 
However, although the number of patients studied is 
small, our findings suggest that a positive second test is 
unlikely to occur sporadically. Therefore failure to re- 
vert a positive test to a negative test implies inadequate 
treatment. 
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TOLERABILITY 


Rarely associated with 
vasodilatory or GI side effects” 


e No reflex tachycardia 
A DAY e <1% incidence of constipation 
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Unlike some ACE inhibitors, 
not associated with cough' 


* Most commonly reported side effects 
in placebo-controlled clinical trials 
include headache, bradycardia, edema, 
dizziness, ECG abnormality first- degree 
AV block, and asthenia. 
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PERCENTAGE OF PATIENTS 
DISCONTINUING THERAPY 


A side-effect profile unlikely to compromise patients 
with certain concomitant diseases'? 


e Including diabetes and coronary artery disease’ 
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A FAVORABLE 
HEMODYNAMIC 
PROFILE 


Decreases peripheral vascular 
resistance, and does not 


compromise cardiac output'*' 
A DAY 
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Does not compromise renal 
blood flow and glomerular 
filtration rate and decreases 
renal vascular resistance*” 


Increases coronary blood flow'? 


* As seen in patients with normal LV 
function. Caution should be used in 
patients with congestive heart failure. 


T As seen in studies lasting up to 19 months 
The effects of diltiazem on these renal and 
cardiovascular parameters past 19 months 
are unknown. 


RARELY CAUSES ADVERSE 
METABOLIC EFFECTS 


No significant changes in 
total cholesterol and triglycerides' 


Rarely causes adverse effects on glucose or electrolytes" 
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dosage strengths 
For new patients starting on 35 
Cardizem CD: » 

e Start with one 180-mg capsule daily 180-mg 

e Monitor for 2 weeks; if optimal response is not met capsules 


e Titrate to goal blood pressure 


For patients switching from Cardizem SR: 
e Switch on a total mg/day basis 

! 240-mg 

e |f necessary, titrate to goal blood pressure capsules 
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BRIEF SUMMARY 
CARDIZEM® CD (diltiazem hydrochloride) Capsules 
CARDIZEM® SR (diltiazem hydrochloride) Sustained Release Capsules 


CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2) patients with 
stot), (4) patents who have dapt in ihe presence of a functioning ventricular pacemaker, (3) patients with hypotension (ess than 90 mm Hg 
olic), (4) patien demonstrate rsensitivity to the drug, and (5) patients with acute myocardial infarction and Imonary 
congestion documented by X-ray on admission. - 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods without significantly prolonging sinus node recovery time, except in patients 
with sick sinus syndrome. This effect may rarely result in abnormally slow heart rates (particularly in patients with sick sinus syndrome) or second- or 
third-degree AV block (13 of 3,007 patients or 0.43%). Concomitant use of diltiazem with beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina developed periods of asystole (9 to 5 seconds) after a single dose of 60 mg of diltiazem, 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemodynamic studies in humans 
with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects on contractility (dp/dt). An acute study of 
oral diltiazem in patients with impaired ventricular function (ejection fraction 24% + 6%) showed improvement in indices of ventricular function 
without significant decrease in contractile function (dp/dt). Worsening of congestive heart failure has been reported in patients with preexisting 
impairment of ventricular function. Experience with the use of CARDIZEM in combination with beta-blockers in patients with impaired ventricular 
function is limited. Caution should be exercised when using this combination. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally result in symptomatic hypotension. 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and frequently resolved even with continued diltiazem treatment. In rare instances, 
significant elevations in enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena consistent with acute hepatic injury have 
been noted. These reactions tended to occur early after therapy initiation (1 to 8 weeks) anc have been reversible upon discontinuation of drug 
therapy. The relationship to CARDIZEM is uncertain in some cases, but probable in some. (See PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM is extensively metabolized by the liver and excreted by the kidneys and in bile. As with any drug given over prolonged periods, 
laboratory parameters should be monitored at regular intervals. The drug should be used with caution in patients with impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to produce toxicity, high doses of diltiazem were associated with hepatic 
damage. In special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, the drug should be discontinued. 


Drug Interaction. Due to the potential for additive effects, caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect cardiac contractility and/or conduction. (See WARNINGS.) 
Pharmacologic studies indicate that there may be additive effects in prolonging AV conduction when using beta- 
blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating patients with medications. CARDIZEM 
undergoes biotransformation by cytochrome P-450 mixed function oxidase. Coadministration of 
CARDIZEM with other agents which follow the same route of biotransformation may result in the 
competitive inhibition of metabolism. Dosages of similarly metabolized drugs such as 
cyclosporin, particularly those of low therapeutic ratio or in patients with renal and/or 
hepatic impairment, may require adjustment when starting or stopping concomitantly 
administered CARDIZEM to maintain optimum therapeutic blood levels. 
Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers is usually well tolerated, z 
but available data are not sufficient to predict the effects of concomitant JL 
treatment in patients with left ventricular dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM concomitantly with in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of propranolol was increased 
approximately 50%. If combination therapy is initiated or withdrawn in conjunction with propranolo;, an 
adjustment in the propranolol dose may be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak diltiazem plasma 
levels (58% ) and area-under-the-curve (53%) after a 1-week course of cimetidine at 1,200 mg per day and 
diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The effect may be mediated 53 
by cimetidine's known inhibition of hepatic cytochrome P-450, the enzyme system probably responsible V 
for the first-pass metabolism of diltiazem. Patients currently receiving diltiazem therapy should be carefully 
monitored for a change in pharmacological effect when initiating and discontinuing therapy with 
cimetidine. An adjustment in the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male subjects increased plasma digoxin 
concentrations approximately 20%. Another i found no increase in digoxin levels in 12 patients 
with coronary artery disease. Since there have been conflicting results regarding the effect of digoxin levels, 
it is recommended that digoxin levels be monitored when initiating, adjusting, and discontinuing CARDIZEM 
therapy to avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conductivity, and automaticity as well as the 
vascular dilation associated with anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and caicium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, impairment of Fertility. A 24-month study in rats at oral dosage levels of up 
to 100 mg/kg/day, and a 21-month study in mice at oral dosage levels of up to 30 mg/kg/day showed no 
evidence of carcinogenicity. There was also no mutagenic response in vitro or in vivo in mammalian cell 
assays or in vitro in bacteria. No evidence of impaired fertility was observed in a study performed in male 
and female rats at oral dosages of up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. 
Administration of doses ranging from five to ten times greater (on a mg/kg basis) than the caily 
recommended therapeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/postnatal studies, there 
was an increased incidence of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women 
only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concentrations in breast 
milk may approximate serum levels. If use of CARDIZEM is deemed essential, an altemative method of infant 
feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been established. 
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ADVERSE REACTIONS 
Serious adverse reactions have been rare in studies carried out to date, but it should be recogniz 
that patients with impaired ventricular function and cardiac conduction abnormalities have usu 
been excluded from these studies. 
The adverse events described below represent events observed in clinical studies of hypertens 
patients receiving either CARDIZEM Tablets or CARDIZEM SR Capsules as well as experien 
observed in studies of angina and during marketing. The most common events in hypertensi 
studies are shown in a table with rates in placebo patients shown for comparison, Less comm 
events are listed by body system; these include any adverse reactions seen in angina studies ti 
were not observed in hypertension studies. In all hypertensive patients taking CARDIZEM Tablets 
CARDIZEM SR Capsules studied (over 900), the most common adverse events were edema (95 
headache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), flushing (3%), and fi 
degree AV block (3%). Only edema and perhaps bradycardia and dizziness were dose related. 
DOUBLE BLIND PLACEBO CONTROLLED HYPERTENSION TRIALS 


ADVERSE DILTIAZEM PLACEBO 
N=315 Nz21* 
# PTS (% # PTS (% 

Headache 38 (12%) 17 (8%) 
AV Block First Degree 24 (7.6%) 4 (1.9%) 
Dizziness 22 (7%) 6 (2.8%) 
Edema 19 (6%) 2 (0.9%) 
Bradycardia 19 (6%) 3 (1.4%) 
ECG Abnormality 13 (4.1%) 3 (1.4%) 
Asthenia 10 (3.2%) 1 (0.5%) 
Constipation 5 (1.6%) 2 (0.9%) 
Dyspepsia 4 (1.3%) 1 (0.5%) 
Nausea 4 (1.3%) 2 (0.9%) 
Palpitations 4 (1.3%) 2 (0.9%) 
Polyuria 4 (1.3%) 2 (0.9%) 
Somnolence 4 (1.3%) — 
Alk Phos Increase 3 (1%) 1 (0.5%) 
Hypotension 3 (1%) 1 (0.5%) 
Insomnia 3 (1%) 1 (0.5%) 
Rash 3 (1%) 1 (0.5%) 
AV Block Second Degree 9 (0.6%) — 


The following table presents the most common adverse reactions reported in placebo-controlk 
trials in patients receiving CARDIZEM CD up to 360 mg with rates in placebo patients shown { 
comparison. 


CARDIZEM CD PLACEBO 

ADVERSE REACTION Nz394 Nz175 
HEADACHE 9.0% 8.0% 
BRADYCARDIA 4.3% 2.3% 
EDEMA 3.7% 2.3% 
DIZZINESS 3.1% 3.4% 
ECG ABNORMALITY 3.1% 2.9% 
AV BLOCK FIRST DEGREE 2.2% — 
ASTHENIA 1.9% 1.7% 





In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR invoMr 
over 3000 patients, the most common events (ie, greater than 1%) were edema (4.9%), headact 
(4.9%), dizziness (3.5%), asthenia (2.7%), first-degree AV block (2.2%), bradycardia (1.6% 


flushing (1.5%), nausea (1.4%), rash (1.3%), and dyspepsia (1.2%). 


In addition, the following events were reported infrequently (less than 1%). 

Cardiovascular: Angina, arrhythmia, AV block (second- or third-degree), bundle branch bloc 
congestive heart failure, ECG abnormalities, hypotension, palpitations, syncop 

j extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, hallucinations, insomni 

nervousness, paresthesia, personality change, somnolence, tinnitus, tremor. 
: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild elevations of SGO 

SGPT, LDH, and alkaline phosphatase (see hepatic wamings), thirst, vomiting, weight increasi 

Dermatological: Petechiae, photosensitivity, pruritus, urticaria. 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, hyperglycemia, hyperuricemi 
impotence, muscle cramps, nasal congestion, nocturia, osteoarticular pain, polyuria, sexu 


The following postmarketing events have been reported infrequently in patients receivir 
CARDIZEM: ia, multiforme, exfoliative dermatitis, extrapyramidal symptoms, gingiv 
hyperplasia, hemolytic anemia, increased bleeding time, leukopenia, purpura, retinopathy, an 
thrombocytopenia. In addition, events such as myocardial infarction have been observed which at 
not readily distinguishable from the natural history of the disease in these patients. A number « 
well-documented cases of generalized rash, characterized as leukocytoclastic vasculitis, have bee 
reported. However, a definitive cause and effect relationship between these events and CARDIZE 
therapy is yet to be established. 

HOW SUPPLIED 

CARDIZEM® CD (diltiazem hydrochloride) is available as capsules of 180 mg, 240 mg, and 300 mg i 
bottles of 30 and 90, and in UDIP® packages of 100. 


CARDIZEM® SR (diltiazem hydrochloride) is available as sustained release capsules of 60 mg, 90 rx 
and 190 mg in bottles of 100, and in UDIP packages of 100. 


Product Information as of October 1991 
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CONGESTIVE HEART FAILURE 


Clinical, Hemodynamic and Sympathetic Neural 





Correlates of Heart Rate Variability in 


Congestive Heart Failure 


Michael G. Kienzle, MD, David W. Ferguson, MD, Clayton L. Birkett, MSBME, 
Glenn A. Myers, PhD, William J. Berg, MD, and D. James Mariano, MD 


Heart rate (HR) variability has long been recog- 
nized as a sign of cardiac health. In the presence 
of heart disease, HR variability decreases, an ob- 
servation that has been associated with poor prog- 
nosis in a number of recent studies. HR variability 
is particularly altered in congestive heart failure 
(CHF), a condition associated with a number of 
typical functional, hemodynamic and neurohumor- 
al alterations. The relation of measurements of HR 
variability to these abnormalities in patients with 
heart failure has not been carefully examined. 
Twenty-three patients (19 men, 4 women, mean 
age 49 years) with New York Heart Association 
class Il to IV CHF were studied prospectively with- 
out cardiac medications; radionuclide ventriculog- 
raphy, right-sided heart catheterization, peroneal 
microneurography, plasma norepinephrine and 
24- to 48-hour ambulatory electrocardiography 
were performed. Average RR interval and its stan- 
dard deviation, and HR power spectrum (0 to 0.5, 
0.05 to 0.15 and 0.2 to 0.5 Hz) were derived from 
the ambulatory electrocardiographic recordings 
and compared with left ventricular ejection frac- 
tion, thermodilution cardiac output, pulmonary ar- 
terial wedge pressure, New York Heart Associa- 
tion class, age, muscle sympathetic nerve activity 
(peroneal nerve) and norepinephrine level by linear 
regression. 

None of the measures of HR variability were 
significantly related to age, left ventricular ejec- 
tion fraction, cardiac output or functional classifi- 
cation, whereas the 0.05 to 0.15 and 0.20 to 0.50 
Hz components were weakly but significantly re- 
lated to cardiac output (r = 0.49 and 0.42, 

p = 0.02 and 0.045, respectively). In contrast, a 
generally stronger and negative relation was dem- 
onstrated between spectral and nonspectral mea- 
surements of HR variability, and indicators of 
sympathoexcitation, muscle sympathetic nerve ac- 
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tivity and plasma norepinephrine. This relation 
was particularly strong with the 0.05 to 0.15 and 
0.2 to 0.5 Hz spectral components, and RR stan- 
dard deviation (r = —0.55 to —0.76, p = 0.04 to 
0.001). 

It is concluded that the decrease in spectral 
and nonspectral measurements of HR variability 
that accompanies CHF is not an indicator of the 
severity of disease, as usually measured clinically, 
but rather a marker of sympathoexcitation. There- 
fore, measurements of HR variability may provide 
noninvasive and unique information regarding 
neurohumoral maladaptation in heart failure pa- 
tients. 

(Am J Cardiol 1992;69:761-767) 


that characterize heart failure. Evidence of sym- 

pathoexcitation is readily available; circulating 
levels of norepinephrine, vasopressin and renin are sub- 
stantially elevated.'-?^ Recently, direct measurement of 
sympathetic neural activity was used in humans to ex- 
amine the sympathoexcitation associated with clinical 
heart failure.^? Arterial and cardiopulmonary barore- 
flex control of sympathetic and parasympathetic activi- 
ty is impaired in both experimental and human heart 
failure.®? 

Heart rate (HR) variability has long been noted to 
be abnormal in the presence of heart disease or in alter- 
ations in cardiac innervation, as in diabetes melli- 
tus.!°-!3 Recently, investigators showed that diminished 
HR variability is associated with poor prognostic out- 
come in patients with organic heart disease and may 
provide unique information compared with other impor- 
tant prognostic indicators such as left ventricular ejec- 
tion fraction and ventricular ectopy.!^ 76 Some investi- 
gators maintained that HR variability reflects the sever- 
ity of ventricular dysfunction generally, but little 
information is available to substantiate this belief."? 
Even less data are currently available comparing HR 
variability with other confirmatory measurements of the 
neurohormonal state in heart failure. The purpose of the 
present study was to prospectively compare spectral and 
nonspectral HR variability (derived from long-term 
ambulatory electrocardiographic monitoring) with se- 
lected clinical, hemodynamic and neurohumoral mea- 
surements in a group of patients with moderate to se- 
vere congestive heart failure (CHF) to better under- 
stand the significance of alterations of HR variability. 


T are prominent neurohormonal alterations 
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METHODS 

Study patients: Twenty-three patients (19 men, age 
range 24 to 74 years) were prospectively studied. The 
largest number of patients had idiopathic cardiomyopa- 
thy, whereas a smaller number had documented coro- 
nary artery disease. CHF was moderate to severe, as 
evidenced by a predominance of New York Heart Asso- 
ciation class III to IV and by a substantially reduced 
radionuclide ejection fraction in most patients (mean 
0.21 + 0.07). Patients uniformly needed >1 cardiac 
medication for control of symptoms. 

Patients were not studied within 1 month of myocar- 
dial infarction. Digitalis glycosides were discontinued 1 
week before study and confirmed with a negative digox- 
in assay. Most oral medications were discontinued for 
Z4 half-lives, and diuretics for 12 hours before the 
study. In all patients, normal electrolyte status and sinus 
rhythm were confirmed before entering the protocol. In- 
formed written consent was obtained in all cases, and 
the studies were approved by the institutional review 
board for human studies. Patients were admitted to the 
clinical research center. During the first 24 to 48 hours, 
ambulatory electrocardiographic monitoring was per- 
formed. During this time patients were encouraged to 
engage in activities on the unit that simulated those dur- 
ing usual daily life including sleeping and waking rou- 
tines, and limited physical activity. Hemodynamic, 
microneurographic and hormonal measurements were 
obtained on day 2 or 3. Details of these studies are out- 
lined later. 

measurements: Patients underwent 
resting hemodynamic measurements at the cardiac 
catheterization laboratory. Hemodynamic measure- 
ments at rest included systemic arterial and right heart 
pressures. Thermodilution cardiac output was deter- 
mined using 10 ml of iced saline solution injections 
(mean of 5 injections) with an SAT-1 Oximeter/Car- 
diac Output Computer (American Edwards Laborato- 
ries, Santa Ana, California), and simultaneous Fick car- 


diac output was determined by measuring oxygen con- 
sumption with a Metabolic Rate Meter (MRM, Waters 
Instruments, Rochester, MN) and by obtaining blood 
samples for arterial-mixed venous oxygen content dif- 
ference. 

Left ventricular ejection fraction was determined 
during normal sinus rhythm by radionuclide ventric- 
ulography within 2 days of the other studies. 

Microneurographic recording of muscle sympathet- 
ic nerve activity: In 16 of the 23 patients, we obtained 
multiunit recordings of postganglionic muscle nerve ac- 
tivity recorded from a muscle nerve fascicle in the pero- 
neal nerve posterior to the fibular head using previously 
validated techniques.*?!" Briefly described, recordings 
were obtained by percutaneous insertion of tungsten mi- 
croelectrodes into the peroneal nerve. The electrodes 
were connected to a preamplifier, and the recorded sig- 
nal was directed through a bandpass filter and on 
through an amplitude discriminator, and visually dis- 
played simultaneously with an audible signal. To facili- 
tate recording and analysis, the filtered neurogram was 
processed in a resistance-capacitance integrating net- 
work resulting in a mean voltage display of the neural 
activity. Resting nerve activity was recorded for up to 
10 minutes to ensure that a stable and representative 
nerve recording had been obtained. Individual burst fre- 
quency was expressed as bursts/min (intraobserver vari- 
ability 5% and interobserver variability 10%). An exam- 
ple of measurements obtained in each patient is shown 
in Figure 1. 

Plasma hormone determinations: Arterial blood 
samples for plasma norepinephrine were obtained from 
indwelling arterial catheters at the completion of the 
consecutive 5-minute recordings of hemodynamics and 
sympathetic nerve activity. Norepinephrine levels were 
assayed by a single-isotope radioenzymatic method!® 
having a variability of «790. 

Heart rate variability measurements: Twenty-four 
to 48 hours of continuous ambulatory electrocardio- 
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FIGURE 1. Example of hemodynamic and 
recordings in subject 

with heart failure. Short segment of data 

from subject with heart failure is shown. 
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graphic recordings were obtained from each patient, us- 
ing Marquette 8500 recorders. The tape recording con- 
sisted of 2 channels of electrocardiographic data, and a 
timing channel used to correct for wow and flutter of 
the tape transport mechanism. Tapes were subsequently 
analyzed on a Marquette 8000 computer-based scanner 
that generated a file containing the RR intervals and 
QRS complex classification. This file was then trans- 
ferred to an IBM PC-AT class computer for HR vari- 
ability analysis. 

An RR interval signal was generated by taking a 2- 
minute segment of data, and sampling it to fill a 512- 
point array. Complexes classified as noise or ectopic 
were rejected. For this study group, the percentage of 
complexes classified as ectopic averaged 3.6 + 5.2% 
(range 0 to 17.1). A cubic spline interpolation was used 
to estimate the RR interval at each point. Segments 
with >40% of complexes classified as ectopic or noise 
were not used. Mean RR was subtracted from each seg- 
ment, and a Hanning window was applied. 

The power spectrum of the RR interval signal was 
calculated using Welch's!? variant of the Bartlett proce- 
dure (overlapping segments of windowed intervals are 
used to reduce the variance of the power spectral esti- 
mate). The power spectrum was calculated as the 
squared magnitude of the fast Fourier transform for 
each segment. Segments were overlapped by 50% and 
averaged for each hour. Amplitude measurements of 
the power spectrum were multiplied by a factor of 4, 
and area measurements by 2.66 to correct for the Han- 
ning window.?? 

In this study, we determined the spectral power over 
3 frequency regions of interest: 0.05 to 0.15, 0.2 to 0.5 
and over the entire 0 to 0.5 Hz band. We also deter- 
mined hourly mean and standard deviations of the RR 
interval from the same RR files as a more general non- 
spectral indicator of HR variability. 

Statistical analysis: Data are expressed as mean + 
standard deviation. Variables were compared statistical- 
ly using a linear regression analysis. Power spectral 
measurements underwent common log transformation 
before application of linear regression. 


RESULTS 

Group data: Group data for the study cohort is tabu- 
lated in Table I. Substantial evidence is apparent sup- 
porting the presence and severity of CHF in these pa- 
tients. As mentioned previously, the left ventricular 
ejection fraction is markedly reduced for the entire 
group. Left ventricular filling pressure (indicated by 
pulmonary capillary wedge pressure) was elevated in 
the vast majority of patients, and cardiac output ranged 
from 1.6 to 9.3 liters/min (mean 4.3). Muscle sympa- 
thetic nerve activity was clearly elevated compared with 
that of a group of normal subjects studied previously in 
our laboratories (16.7 + 2.2 bursts/min).^?! Heart peri- 
od averaged 736 + 124 ms (range 523 to 944). Stan- 
dard deviation of the RR interval averaged 60 + 23 ms, 
the average hourly spectral power in the 0.2 to 0.5 Hz 
frequency range was 7.8 + 8.2 ms?/Hz (range 0.45 to 
28.0), and the midfrequency component (0.05 to 0.15 
Hz) was 44.7 + 62.7 ms?/Hz. Total spectral power (ex- 


TABLE | Group Results 


n Mean - SD Minimum Maximum 
Power 0.05—0.15 23 44.7 + 62.7 1.2 290 
(ms?/Hz) 
Power 0.20—0.50 23 7.8 + 8.2 0.45 28 
(ms?/Hz) 
Power0-0.50(ms?2) 23 18.6+ 15.5 0.6 62.7 
RR interval (ms) 23 736 * 124 523 944 
RR SD (ms) 23 60.0 + 23 14 104 
LVEF 23 —0.21 5,0:07 0.08 0.34 
TDCO (liters/min) 23 A3. €t 17 1.6 9.3 
LVFP (mm Hg) 14 24+ 12 6 46 
MSNA (bursts/min) IG. ^62.:3x.23:1 18.8 99.4 


Norepi (picogram/ml) 14 745 + 390 128 1,530 


LVEF = left ventricular ejection fraction; LVFP = left ventricular filling pressure; 
MSNA = muscle sympathetic nerve activity; Norepi = norepinephrine level; Power = 


spectral power; TDCO = thermal dilution cardiac output. 





pressed as average area) was 18.6 + 15.5 ms? (range 
0.6 to 62.7). 

Relations among measured variables: The overall 
relation between the clinical, hemodynamic and neuro- 
hormonal variables, and HR variability is illustrated by 
the 2 patient examples shown in Figure 2. These 2 pa- 
tients resemble each other clinically in regard to age, 
functional class and left ventricular ejection fraction. 
The patient on the left had a lower filling pressure and 
higher cardiac output than the one on the right. How- 
ever, they differ the greatest relative to the measure- 
ments of muscle sympathetic nerve activity and plasma 
norepinephrine. The patient on the left (with the least 
evidence for sympathoexcitation) also had greater pow- 
er apparent over the entire power spectrum. In contrast, 
the patient on the right had markedly elevated levels of 
both norepinephrine and sympathetic nerve traffic, no 
visible peak in the high- and midfrequency ranges, and 
decreased power in the lowest frequencies. 

The relation between the power spectral measure- 
ments and the other measured variables are tabulated in 
Table II and shown for selected comparisons in Figure 
3. As is apparent, RR interval variability was not signif- 
icantly related to age, functional class, left ventricular 
filling pressure or ejection fraction. In contrast, the 
amount of RR standard deviation and both high- and 
midfrequency spectral power had a positive and signifi- 
cant relation to cardiac output. Both RR standard devi- 
ation and the 3 spectral power measurements (especial- 
ly the midfrequencies) generally displayed a negative 
and significant relation to 1 or both indicators of sym- 
pathoexcitation, plasma norepinephrine and muscle 
sympathetic nerve activity. As one may expect, spectral 
power, RR interval and its standard deviation were sig- 
nificantly related, as were muscle sympathetic nerve ac- 
tivity and plasma norepinephrine (r = 0.79, p <0.003). 


DISCUSSION 

The major findings in this study are in 2 general 
areas. First, we demonstrated that the observed alter- 
ations of HR variability noted in advanced heart failure 
are not tightly linked to many of the clinical character- 
istics frequently used to describe its severity, such as 
functional class, and measurements of systolic function 
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Power spectral measurements underwent log transformation before statistical analysis. Each spectral region of interest (listed at top of table) was compared with variables (listed 
along left margin of table) using linear regression analysis, resulting in r and p values for each comparison. 


HA = New York Heart Association; other abbreviations as in Table |. 


and vascular congestion. Second, we showed that the 
amount of HR variability (expressed as the power spec- 
trum of normal RR intervals or by nonspectral methods 
such as RR standard deviation) is closely and negatively 
linked to the degree of sympathoexcitation, the impor- 
tance of which is discussed later. 

The discordance between symptomatology and clini- 
cal findings in patients with heart failure has long been 
appreciated. This discrepancy is best illustrated by the 
inability of resting indexes of left ventricular perfor- 


LVEF: 


LVFP (mmHg): 


CARDIAC OUTPUT: 
(liters/min) 
MSNA (bursts/min): 


NOREPINEPHRINE: 
(pcg/ml) 





mance to accurately predict exercise capacity.2!-?5 Rel- 
atively few studies carefully addressed the relation be- 
tween cardiac performance and specific alterations in 
neural control in heart failure, although recent studies 
demonstrated a relation between selected measurements 
of left and right ventricular function, and resting levels 
of directly measured muscle sympathetic nerve activity 
and plasma norepinephrine.521:26 

If HR variability is not an indicator of the severity 
of cardiac dysfunction, what is its significance? Our 





FIGURE 2. Three-dimensional plots of heart rate power spectrum. Selected study data are shown for 2 patients; in each, 48- 
hour heart rate spectral power plots are shown. Data are arranged as power (Pwr, y axis), frequency (Hz, x axis) and time 
(clock hour, z axis). See text for additional discussion. LVEF = left ventricular ejection fraction; LVFP = left ventricular filling 
pressure; MSNA = muscle sympathetic nerve activity. 
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study indicates that reduction of HR variability is sig- 
nificantly related to sympathoexcitation, which is relat- 
ed to other measures of autonomic dysfunction in heart 
failure. Recently, studies examining the relation be- 
tween HR variability and measurements of sympathetic 
nerve activity (nerve activity and norepinephrine) were 
reported.2725 In normal subjects, measurements of sym- 
pathetic and vagal influence at rest or during reflex 


FIGURE 3. Scatter plots of selected com- 


measurements compared 
transformed 0.05 to 0.15 Hz spectral 
power. Panel B compares same measure- 
ments to 0.2 to 0.5 Hz frequency (Freq) 
band. LVEF - left ventricular ejection 
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sympathoinhibition (phenylephrine infusion) do not ap- 
pear to correlate well with HR variability. However, a 
significant inverse relation appears during interventions 
(such as nitroprusside) that elicit reflex sympathoexcita- 
tion." Additional studies in subjects with heart failure 
demonstrated a reciprocal relation between cardiac va- 
gal nerve traffic (as indicated by RR interval and stan- 
dard deviation) and peroneal muscle sympathetic nerve 
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activity.” These studies (performed in a smaller group 
of patients) differed significantly in terms of methodolo- 
gy. These subjects with CHF were studied at rest for 
brief periods in a setting in which factors such as respi- 
ratory rate were controlled; hemodynamic and clinical 
variables were not correlated to the study findings. It is 
of interest that we noted a similar inverse relation when 
using long periods of HR data in ambulatory patients. 

How might the reduction of HR variability and 
sympathoexcitation be linked pathophysiologically? Po- 
tential mechanisms for the observed sympathoexcitation 
in CHF include an increase in excitatory influences to 
central sympathetic outflow, a decrease in inhibitory in- 
fluences at the brainstem level or an alteration at the 
central level (or any combination). Experimental evi- 
dence supports the concept that impaired inhibitory af- 
ferent baroreflex influences on central sympathetic out- 
flow at the brainstem level have a role in sympatho- 
excitation.?-?28 If this is true, and if baroreflex ab- 
normalities responsible for altered HR variability and 
sympathoexcitation are linked, an inverse relation be- 
tween measurements of sympathetic (nerve activity, 
norepinephrine) and parasympathetic influence (power 
spectrum and standard deviation of HR) would be pre- 
dicted; our data are consistent with this notion. 

Clinical implications: Measurement of HR variabili- 
ty has been applied to studies of normal physiology and 
to a variety of clinical disorders involving the heart or 
its neural control systems, including coronary artery dis- 
ease and myocardial infarction, cardiac transplantation, 
diabetic and other neuropathic conditions, obesity and 
hypertension.!0-1625-3! The association noted between 
abnormalities of HR variability and cardiac death (sud- 
den and nonsudden) has been of particular interest.!4-!6 
Survivors of an aborted sudden cardiac death episode 
have particularly reduced HR variability. Some studies 
that compared measures of HR variability to other 
known predictors of cardiac death after myocardial in- 
farction (including left ventricular ejection fraction and 
ambient ventricular ectopy) suggested that HR variabil- 
ity has independent and additive predictive value for 
survival.!^ Experimental studies demonstrated a survival 
benefit in animals, with evidence for more persistent 
parasympathetic influence after infarction when rechal- 
lenged with stimuli such as exercise and ischemia??? 
Parasympathetic influence is thought to confer a “pro- 
tective" electrophysiologic effect on a variety of ar- 
rhythmia models, largely by opposing sympathetic ef- 
fects*4; demonstrating such effects in studies of humans 
is more problematic. 

Reduction of baroreflex sensitivity (determined by 
phenylephrine infusion) in patients after myocardial 
infarction has been reported to be associated with 
increased risk of cardiac death (primarily sudden).? 
When long-term ambulatory electrocardiographically 
derived estimates of HR variability are compared di- 
rectly with baroreflex sensitivity in the same patient 
groups after infarction, only a modest correlation can be 
shown. Whether these 2 techniques detect a similar 
autonomic abnormality or whether 1 will prove superior 
as a predictor of outcome remains unknown. 
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study that included 55 patients treated with pravastatin. 


Pharmacology and metabolism 
B8 PRAVACHOL? is administered in the active form 


B PRAVACHOL is hydrophilic; the clinical effect 
of hydrophilicity, if any, has not been established 


= PRAVACHOL is selective to the primary site of cholesterol 
synthesis, the liver 


= /n vitro studies demonstrated that pravastatin is transported into 
hepatocytes with substantially less uptake into other cells 


Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 
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Possibly associated myopathy in only I patient 
in clinical trials (n>13,000)" 


Consider myopathy in any patient with diffuse muscle pain, tenderness, 
or weakness, particularly with malaise or fever. Advise patients to 
promptly report these symptoms. Discontinue pravastatin if myopathy 
is diagnosed or suspected. 


~ In clinical studies, significant elevations of liver _ 
enzymes have been uncommon | 


B Increases in serum transaminase (greater than three times the 
upper limit of normal on two or more occasions) were seen in 
1.396 of patients treated over an average of 18 months 


B Elevations were generally reversible over time in patients 
discontinued from pravastatin; patients with biochemical 
findings were usually asymptomatic 


B Active liver disease or unexplained transaminase elevations are 
contraindications to the use of pravastatin 


B Liver function should be monitored before treatment and at 
recommended intervals—every 6 weeks for the first 3 months, 
every 8 weeks for the remainder of the first year, and periodically 
thereafter (e.g., at about 6-month intervals) P 


*A second patient developed myopathy when clofibrate was added to a previously well-tolerated regimen 
of pravastatin; the myopathy resolved when clofibrate therapy was stopped and pravastatin treatment 
continued. The use of fibrates alone may occasionally be associated with myopathy. The combined use of 
pravastatin and fibrates should generally be avoided. | 1 aay, 


Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
__ inthe brief summary of prescribing information on the final page of this advertisement. 
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Low incidence of side effects 


Adverse clinical events attributed to study drug: 


PRAVACHOL” Placebo 
= 900) (n=411) 


Headache 
Cardiac chest pain 
Rash 

- Nausea/ vomiting 

. Diarrhea. 
Abdominal pain 
Constipation 
Flatulence 

. Heartburn Ani. 
Fatigue CAN à 
Chest pain VE 
Localized pain M. ‘a 
Myalgia 
IBI VATES M 
Urinary cmt a 
Rhinitis 1 CANA. 

Cough. a e. 
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*Siatisicaly different from placebo 
Discontinuation rate from pravastatin (1.7%) was not statistically - 
m gisterent from that of places (1 2%). . 


J "n see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS i in the 
brief summary of prescribing information on the final page of this advertisement. 
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BRISTOL-MYERS SQUIBB INTRODUCES 


A NEW DIRECTION 
-IN LIPID MANAGEMENT 


New 4 


- PRAVACHO 


. Pravastatin sodium zs `- 


Provides an exceptionaliadiiabenient 
regimen in cholesterol management 
—once-a-day bedtime dosing — 


PRAVACHOL? offers true once-a-day dosing 
at bedtime, with or without food. 


__ Usual dose: 20 mg at bedtime, 
with or without food 


Dosage ran l 
—_ C. — 10-40 mg. Available i in 10 and 20 mg tablets. 
ie , b d 


Excellent monotherapy for a wide range of patients 


PRAVACHOL is suitable for patients with primary hypercholester- 
olemia (Types IIa and IIb) with a cholesterol-lowering diet when diet 
alone has not been adequate. 


“ 


Please see CONTRAINDICATIONS, WARNINGS. PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 


References: 1. Data on file, Bristol-Myers Squibb. 2. Jones PH, et al. - Wo hand pee in patients with primary 
hypercholesterolemia: a dose- ie aliens study. Clin Cardiol. TQ": 14:146-151. 
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2AVACHOL® (Pravastatin Sodium Tablets) 
JNTRAINDICATIONS 9 
Pr heey component of this medication. . 1 
ive liver or unexplained, persistent elevations in liver function tests (see WARNINGS). 

Pregnancy and lactation. Atherosclerosis is a chronic process and discontinuation of lipid-lowering drugs 
Kop prograna mouki hava Minm on the outcome of long-term therapy of primary hypercholesterolemia. 

sterol and other poguos of cholesterol biosynthesis are essential components for fetal development 
cluding synthesis and cell bitors cholesterol 
nthesis and possi 
ildbearing age o 

on 

tential hazards 1 


ARNINGS 

ver Enzymes: HMG-CoA reductase inhibitors, like some other lipid-lowering therapies, have been associated 
th biochemical abnormalities of liver function. Increases of serum transaminase (ALT, AST) values to more 
an 3 times the limit of normal occurring on 2 or more (not sequential) occasions have been 
ported in 1.3% of patients treated with pravastatin in the U.S. over an average period of 18 months: These 
normalities were not associated with cholestasis and did not oppaan to be related to treatment duration. 
thóse patients in whom these abnormalities were believed to be related to pravastatin and who were discon- 
iued from therapy, the transaminase levels usually fell slowly to pretreatment levels. These biochemical find- 
gsare usually asymptomatic although worldwide experience indicates that anorexia, weakness, and/or ab- 


when auch patente ere Pon 
nan 


we vate aher i Sowa gei See fonction taste should be performed during therapy with pravastati 
lipid-loweri iver ormed duri n. 
i A he: Y SGPT) should be monitored before treatment begins six weeks 


arum aminotransferases, i every 
r the first three months, every eight weeks during the remainder of the first year, and periodically thereafter 
g., at about six-month intervals). Special attention should be given to patier who develop increased trans- 
contr an elevation and subsequently monitored 
three times the upper limit of normal 
elevations follow! 


‘more Tene intervals. If increases in AST and ALT equal or exceed 
persist therapy should be discontinued. Persistence erase ng 


of significant ami 


sed when tin is administered to patients with 
CAL PHARMACOLOGY: Pherrrincokdnelics 


patient in clinical trials (< 0.1 pool 

one in clin « 0.194). 
weakness, Marie marked 

in, tenderness or 

'arkedly CPK level is diagnosed Pravastatin the ‘should 

S occur or s dia: or Su ; n S 
Iso be a qm in any patient experienc DU acute or serious condition predisposing to the 
renal failure 


either losporine, gem- 
wb nons dn ^ in 
of pa- 


ogether combined therapy 
and quon showed a trend toward more frequent CPK elevations endi patient withdrawals 


ue tom ptoms in the group receiving combined treatment as compared with the groups 
eng pacebo gefbro or pravasiain monotherapy M was not reported in this trial (see - 
IONS: Drug Interactions). One reple developed yop when clofibrate was added to a previously well 


yerated regimen of pravastatin; the myopathy resolved when clofibrate therapy was stopped and pravastatin 
"T Of fibrales alone occasionally be associated with nvopethy The com- 


'RECAUTIONS 
ieneral: Pravastatin may elevate creatine phosphokinase and transaminase levels (see ADVERSE REACTIONS). 
his should be considered in the differential diagnosis of chest pain in a patient on therapy with pravastatin. 
Homozygous Familial Hypercholesterolemia. Pravastatin has not been evaluated in pati with rare 
ozygous familial hypercholesterolemia. In this group of patients, it has been reported that HMG-CoA reduc- 
ase inhi are less effective because the patients lack functional LDL receptors. 
Renal Insufficiency. A single 20 mg oral dose of pravastatin was administered to 24 patients with varying 
ees of renal impai determined by creatinine Comana, No effect was observed on the pharma- 
netics of pravastatin or its 3a-hydroxy isomeric metabolite (SQ 31,906). A small increase was seen in mean 
\UC values and half-life (tva) for the inactive enzymatic ring hydroxylation metabolite (SQ 31,945). Given this 
mall sample size, the dosage administered, and the degree of individual variability, patients with renal im- 
iairment who are receiving pravastatin should be closely monitored. 
"formation for Patients: Patients should be advised to report promptly unexplained muscle pain, tenderness 
ir weakness, larly if accompanied by malaise or fever. 
er " : Immunosuppressive Drugs, Gemfibrozil, Niacin (Nicotinic Acid), Erythromycin: See WARN- 


ae 


/ concomitant administration of 
in does not appear to induce hepatic drug-m dom hetaboured Ly ed 


ipol: Concomitant administration resulted in an approximately 40 to 5096 decrease 
avastatin. However, when pravastatin was administered 1 hour before or 4 hours after 
r before colestipol and a standard meal, there was no clinically significant decrease 
1 bioavailability or therapeutic effect. S. DOSAGE AND ADMINISTRATION: Concomi Trpo 
10 healthy male subjects piven pravastatin and warfarin concomitantly for 6 
ae. n (parent compound) were not altered. Pravastatin 
lid not alter the 
varfarin but did not 


a proie ng of warfarin. Concom 
hrombin time after 6 of 


nged. 
Cimetidine: The AUCo-12hr for pravastatin when given with cimetidine was not significantly different from 
he AUC for statin when given alone. A significant difference was observed between the AUC's for 
yravastatin when given with cimetidine compared to when administered with antacid. 

Digoxin: \n a crossover trial involving 18 healthy male subjects given veu and digoxin concurrently 
or 9 days, the bioavailability parameters of digoxin were not affected. The AUC of pravastatin tended to in- 
ease, but the of its metabolites SQ 31,906 and SQ 31,945 was not altered. 

Gemfibrozil: ina crossover study in 20 healthy male volunteers given concomitant single doses of prava- 
tatin and gemfibrozil, there was a significant decrease in urinary excretion and protein binding of pravastatin. 
n addition, there was a significant increase in AUC, Cmax, and Tmax for the pravastatin metabolite SQ 31,906. 


Sombination therapy with pravastatin and gemfibrozil is generally not recommended. 
In interaction studies with aspirin, antacids (1 hour prior to PRAVACHOL), eroe nicotinic acid, or pro- 
eaa significant differences in bioavailability were seen when PRAVACHOL (pravastatin sodium) 
vas admi ] 
Other Drugs: During clinical trials, no noticeable drug interactions were reported when PRAVACHOL was 
added to: beds arühypertensived, digitalis, converting-enzyme inhibitors, calcium channel blockers. beta- 
dlockers, or ! 


n in. 
Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesterol a ide and lower circulating 
:holesterol levels and, as such, might theoretically blunt adrenal or steroid hormone jon. Results 


ng of pravastatin. e percentage of patients showing a > rise in plasma testosterone after 
wman chorionic on OD] stimulation did not change sign after therapy in these ts. The 
affects of HMG-CoA reductase inhibitors on spermatogenesis and fertility have not been studied in adequate 
Yumbers of patients. The effects, if any, of pravastatin on the pituitary-gonadal axis in pre-m f 

are unknown. Patients treated with pravastatin who display clinical evidence of endocrine dysfunction should 
de . Caution should also be exercised if an HMG-CoA reductase inhibitor or other agent 
ised to levels is administered to patients also receiving other drugs (eg., ketoconazole, 


lower 
Lio pose tel Ke ar that may diminish the levels or eii ity of steroid Domon P 
Toxicity: CNS vascular lesions, characterized by perivascular hemorrhage ema and mononuclear 
cell infiltration i , were seen in dogs treated with pravastatin at a dose of 25 m lay, 
ing 
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the hi recommended dose (as measured by total enzyme inhibit te . This same drug also pro- 
duced vestibulocochlear Wallerian ike Medion and retinal ganglion cell chromatolysis in dogs treated 
for 14 weeks at 180 mg/kg/day, a dose which resulted in a mean plasma drug level similar to that seen with 
the 60 mg/kg dose. 

Carcinogenesis, Mutagenesis, | 


(producing plasma drug levels apre 0.5 to 50 times 

y significant increase 
pages s DEO je gares in treated females when all treatment groups were and com- 
pared to controls (p « 0.05). The incidence was not dose-related and male mice were not affected. 

A chemically similar drug in this class was administered to mice for 72 weeks at 25, 100, and 400 mg/kg 
body weight, which resulted in mean serum drug levels approximately 3, 15, and 33 times higher than the 
mean human serum drug concentration (s total inhibitory activity) after a 40 mg oral dose. Liver carcinomas 
were significantly increased in is dom] emales and mid- and high-dose males, with a maximum incidence 
of 90 percent in males. The incidence of adenomas of the liver was significantly increased in mid- and high- 
dose females. Drug treatment also ee Pads Meroe ei: the incidence of lung adenomas in mid- and high- 
dose males and females. Adenomas of the eye arderian gland (a gland of the eye of rodents) were significantly 
nae in high-dose mice than in controls. , t X0 

o evidence of mutagenicity was observed in vitro, with or without rat-liver metabolic activation, in the following 
studies: microbial drea tests, using mutant strains of Salmonella typhimurium or Escherichia coli, a for- 
ward mutation assay in L5178Y TK +/— mouse lymphoma cells; a chromosomal aberration test in hamster 
cells; and a gene conversion using Saccharomyces cerevisiae. In addition, there was no evidence of 
mutagenicity in either a dominant lethal test in mice or a micronucleus test in mice. — - 

In a study in rats, with daily doses up to 500 mg/kg, pravastatin did not produce any adverse effects on fer- 
tility or general awe performance. However, in a study with another HMG-CoA reductase inhibitor, there 
was decreased fertility in male rats treated for 34 weeks at 25 mg/kg body weight, although this effect was 
not observed in a subsequent fertility study when this same dose was administered for 11 weeks (the entire 
oe of spermatogenesis, including epididymal maturation). In rats treated with this same reductase inhibitor 
at 180 mg/kg/day, seminiferous tubule degeneration (necrosis and loss of spermatogenic elium) was ob- 
served. Mon or deme Lob tare quede dir qr esate age nite 
decreased sperma Yom spermatocytic degeneration, and giant cell formation in dogs. The clin 
significance of these findings is unclear. 

Pregnancy: Pregnancy C 


n P. ry X: See CONTRAINDICATIONS. 
Safety in regram women | ; t p 
oka aily or in rabbits at doses of up to 50 mg/kg daily. These doses resulted in 20x io or 240x 
h . However, another HMG-CoA reduc- 


based on surface ‘ 
| f n sodium) should 
be administered to women of child-bearing potential only when such patients are highly rebate to conceive 


RAVACHOL 
pm sodium), it should 
e fetus. 


Nursing Mothers: A small amount of pravastatin is excreted in human breast milk. Because of the potential 
for serious adverse reactions in nursing infants, women taking PRAVACHOL should not nurse (see 
CONTRAINDICATIONS). 

Pediatric Use: Ser effectiveness in individuals less than 18 years old have not been established. Hence, 
treatment in patients less than 18 years old is not recommended at this time. (See also PRECAUTIONS: General.) 


ADVERSE REACTIONS 
Pravastatin is generally well tolerated; adverse reactions have ry ene mild and transient. In 4-month long 
trias, 1.7% of pravastatin-treated patients and 1.2% of placebo-treated patients were discon- 
inued from treatment because of adverse experiences attributed to study drug therapy; this difference was 
not statistically significant. In long-term studies, the most common reasons for discontinuation were asymp- 
tomatic serum transaminase increases and mild, non-specific p complaints. During clinical trials 
a eria incidence of adverse events in the elderly was not different from the incidence observed in younger 
patients. 
Adverse Clinical Events: All adverse clinical averse regprdose of attribution) reported in more than 2% of 
avastatin-treated patients in the placebo-controlled trials are identified in the table below; also shown are 
ae Peerage of patients in whom these medical events were believed to be related or possibly related to 
e drug: i 


All Events % Events Attributed to Study Drug % 
Pravastatin Placebo Pravastatin Placebo 
Body System/Event (N=900) (N=411) (N=900) (N=411) 
Cardiovascular 
Cardiac Chest Pain 40 34 0.1 0.0 
Dermatologic 
Rash 40° 11 13 09 
Gastrointestinal - 
Nausea/Vomiting 73 74 29 34 
Diarrhea 6.2 56 20 19 
Abdominal Pain 54 69 20 39 
Constipation 40 71 24 51 
Flatulence 33 36 27 34 
Heartburn 29 19 20 07 
General 
Fatigue 38 34 19 10 
Chest Pain 37 19 03 0.2 
Infiuenza 24*' 07 00 00 
Musculoskeletal 
Localized Pain 100 90 14 15 
Myalgia 27 10 06 00 
Nervous System 
Headache 6.2 39 17* 0.2 
Dizziness __ 33 3.2 10 05 
Renal/Genitourinary. 
R iE a ad 24 29 07 1.2 
espira 
Common Cold 70 63 0.0 0.0 
Rhinitis 40 41 0.1 0.0 
Cough 26 1.7 0.1 0.0 
"Statistically significantly different from placebo. 
The following effects have been reported with drugs in this class: 
Skeletal: myopathy, rhabdomyolysis. —— ; | 
Neurological: dysfunction of certain cranial nerves (including alteration of taste, impairment of extra-ocular 
movement, facial paresis), tremor, vertigo, memory loss, , peripheral neuropathy, peripheral nerve 


palsy 
Hypersensitivity Reactions:An apparent hypersensitivity syndrome has been reported rarely which has in- 
cluded one or more of the following features: anaphylaxis, angioedema, lupus erythematous-like syndrome, 
nyalgia rheumatica, vasculitis, purpura, throm openia, leu ia, hemolytic anemia, positive ANA, 
SR increase, arthritis, arthralgia, urticaria, asthenia, photosensitivity, lever, chills, flushing, malaise, dyspnea, 
toxic epidermal necrolysis, erythema multiforme, including Stevens-Johnson syndrome. 
. Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, cholestatic jaundice, fatty change 
in liver, and, rarely, cirrhosis, fulminant hepatic necrosis, and hepatoma; anorexia, vomiting. 
Reproductive: gynecomastia, loss of libido, erectile dysfunction. 
Eye: progression of cataracts (lens opacities), ophthalmoplegia. 


Laboratory Test Abnormalities: Increases in serum transaminase (ALT, AST) values and CPK have been ob- 
joe buta inophilia has been reported. Eosinophil counts Pull eturned normal deste 
, asym ic ia à u returned to f 
continued . Anemia, throm ia, and leukopenia have been reported with other HMG-CoA reduc- 
inhibitors. 


Concomitant Therapy: Pravastatin has been administered concurrently with cholestyramine, colestipol, nicotinic 
acid, probucol and Mae Preliminary data suggest that the addition of either probucol or gemfibrozil 
to th with | Itin or pravastatin is not associated with greater reduction in LDL-cholesterol than that 
ves with qoi jore à ne No — reac n ue to dy polen Af ret 
o those previously repor each drug alone have been reported. Myopa s (w 

or without acute renal failure) have been reported when another HMG-CoA reductase inhibitor Was used in 
combination with dnl oo drugs, gemfibrozil, erythromycin, or lipid-lowering doses of nicotinic 

MG-CoA and these is generally 


acid. Concomitant yd inhi not recommended. 
(See WARNINGS: | Muscle and PRECAUTIONS: Drug | ns.) 
OVERDOSAGE 


There have been no reports of overdoses with pravastatin. 
Should an accidental overdose occur, treat symptomatically and institute supportive measures as aoe) 
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Evidence of Increased Microvascular Resistance 
and Arteriolar Hyalinosis in Skin in 
Congestive Heart Failure Secondary to 
Idiopathic Dilated Cardiomyopathy 


Henrik Wroblewski, MD, Jens Kastrup, MD, PhD, Tove Nørgaard MD, PhD, 
Svend-Aage Mortensen, MD, PhD, and Stig Haunsg, MD, PhD 


Does nervous microvascular stress from backward 
cardiac failure and abnormal baroreceptor-medi- 
ated vasodilation in the upright position alter the 
microvascular resistance and structure of the re- 
sistance vessels with time? The minimal vascular 
resistance and structure of the terminal arterioles 
were measured in skin at the dorsum of the foot in 
14 healthy subjects, in 12 patients with short- 
term congestive heart failure (CHF) (New York 
Heart Association functional class 21l for <1 
year), and in 14 with long-term CHF (New York 
Heart Association functional class 1l for >1 
year). Blood flow was measured by the local tech- 
netium-99m-pertechnetate washout method in a 
vascular bed paralyzed by histamine before, dur- 
ing and after 3 to 5 stepwise increases of external 
counter pressure. Minimal vascular resistance 
was calculated from the relation between blood 
flow and applied pressure. Minimal vascular resis- 
tance was significantly increased in both short- 
term (9.0 + 1.9 mm Hg : mI! - 100 g : min; 

p = 0.0003) and long-term (9.1 + 3.6 mm Hg: 
ml^! - 100 g - min; p = 0.008) CHF patients com- 
pared with that in healthy control subjects (6.0 + 
1.7 mm Hg : mI! - 100 g- min). Structural mi- 
croangiopathy (increased hyalinosis of the base- 
ment membranes in the terminal arterioles) was 
found in skin biopsies in 21 of 24 patients with 
CHF in whom biopsies were obtained, but in none 
of the 14 control subjects (p <0.002). Multiple re- 
gression analysis demonstrated a weak but signifi- 
cant direct association between minimal vascular 
resistance and the degree of structural microan- 


From the Department of Medicine B, Division of Cardiology, and 
Cardiovascular Laboratory, University Hospital, Rigshospitalet, Co- 
penhagen, and the Department of Pathology, Hillergd County Hospital, 
Hillerød, Denmark. This study was supported by grants from the Dan- 
ish Heart Foundation, Danish Medical Research Council, Danish 
Foundation for the Advancement of Medical Science, Novo's Founda- 
tion, Dagny and Harry West Jgrgensen’s Foundation, August Frederik 
Wedell Erichsens Foundation, Jacob and Olga Madsen’s Foundation, 
and Valdemar and Thyra Foersom’s Foundation, Copenhagen, Den- 
mark. Manuscript received May 29, 1991; revised manuscript received 
and accepted November 15, 1991. 

Address for reprints: Henrik Wroblewski, MD, Department of 
Medicine B 2142, Division of Cardiology, University Hospital, Rigs- 
hospitalet, 9 Blegdamsvej, DK-2100, Copenhagen Ø, Denmark. 


giopathy (p <0.03; r = 0.45). These results indi- 
cate that microangiopathic alterations in arterioles 
may contribute to the increased microvascular re- 
sistance in patients with CHF. 

(Am J Cardiol 1992;69:769-774) 


ith the progression of congestive heart failure 
W (CHF) there appears to be an increase in pe- 
ripheral vascular resistance, and a decrease in 
peripheral blood flow.!? Most investigators have de- 
scribed reduced blood flow response in the arm and leg 
during exercise, and postischemic hyperemia in patients 
with CHF.3-© However, a completely normal vasodila- 
tor capacity and vascular resistance has also been dem- 
onstrated in CHF.?? Some of this discrepancy could be 
due to differences in the duration or severity of CHF in 
the patients studied. 

Capillary hypertension is likely to develop in the ex- 
tremities with the progression of CHF, because of in- 
creased venous pressure due to right heart failure and 
abnormal baroreceptor-mediated arteriolar vasodilata- 
tion in the upright position.? This increased stress (cap- 
illary hypertension) on the microcirculation may induce 
structural alterations in the capillaries and arterioles. 

The aim of the present study was to investigate 
whether microvascular lesions were present in the skin 
at the lower leg of patients with CHF and to determine 
the relations of these lesions to minimal vascular resis- 
tance in the skin and to disease duration. 


METHODS 

Subjects: Minimal vascular resistance was investi- 
gated in 3 groups of subjects. All subjects gave in- 
formed consent, and the investigation was approved by 
the local ethical committee. 

Group I included 12 patients (3 women and 9 men, 
mean age 39 years, range 18 to 64; Table I) with short- 
term CHF (New York Heart Association functional 
class >II for <1 year). All patients were receiving di- 
goxin and diuretics, and 7 were also treated with angio- 
tensin-converting enzyme inhibitors. 

Group II included 14 patients (3 women and 11 
men, mean age 46 years, range 33 to 63; Table I) with 
long-term CHF (New York Heart Association func- 


MICROANGIOPATHY IN CONGESTIVE HEART FAILURE. 769 


TABLE I Clinical Characteristics of Short- (New York Heart 
Association functional class > Il for « 1 year) and Long-Term 
(zl for > 1 year) Congestive Heart Failure Patients, and 
Control Subjects 


CHF 
Control 
Short-Term Subjects 


Characteristics Long-Term 


Age (yr) 39 * 11 

Sex (F/M) 3/9 

Duration of CHF 

Symptoms (mos) 

New York Heart Associa- 
tion functional class 


46 +8 
3/11 


39 +17 
2/12 


6.1232* 27.6:4 17.5 


4 1 

6 10 

2 3 

Left ventricular ejection 19.3 + 8.4 18.0 + 4.6 
fraction (96) 

Mean arterial blood pres- 


sure (mm Hg) 


88 + 10 


*p «0.0005 between groups with CHF. 
Data are expressed as mean + SD. 
CHF = congestive heart failure. 


tional class >II for >1 year). All patients were receiv- 
ing digoxin and diuretics, and 6 were also treated with 
angiotensin-converting enzyme inhibitors. 

Group III included 14 healthy control subjects (2 
women and 12 men, mean age 39 years, range 22 to 
67). 

Patients' ordinary medication was continued to the 
morning of the study. 

The etiology of heart failure was idiopathic dilated 
cardiomyopathy in all 26 patients. No patient had dia- 
betes mellitus or arterial hypertension, or any symptoms 
or signs of peripheral atherosclerosis or venous insuffi- 


Wash-out rate constant k 


O 


0 20 40 60 


External applied pressure (mmHg) 


FIGURE 1. Graph of isotope clearance constant k against level 
of applied counter pressure in patient with long-term conges- 
tive heart failure. Slope of regression line = A k/A applied 
pressure (A blood flow/A applied pressure [-0.104 mm Hg“ - 
ml - 100 g~! - min !]). Minimal vascular resistance is equal to 
—1/second (9.6 mm Hg - ml! - 100 g - min). Skin perfusion 
pressure is 63 mm Hg. 








ciency of the lower limbs. The feet revealed no signs of 
edema or skin lesions. Patients were classified hemody- 
namically from left ventricular ejection fractions calcu- 
lated by the count-based multigated frame mode radio- 
nuclide angiocardiographic technique.!? Mean arterial 
blood pressure was measured at the upper arm with a 
standard clinical sphygmomanometer at heart level; dia- 
stolic blood pressure was recorded at Korotkoff phase 5. 

The interassay coefficient of variation of minimal 
vascular resistance, skin blood flow and skin perfusion 
pressure were determined in 10 patients (3 women and 
7 men, mean age 40 years, range 32 to 55) with CHF 
(New York Heart Association functional class III to 
IV) by measuring the parameters twice within 2 days. 

The course of CHF in the 26 patients from the day 
of investigation was as follows: 6 had died at a mean 
follow-up of 12 months (range 1 to 21), 11 underwent 
cardiac transplantation at a mean follow-up of 5 months 
(range 1 to 21), and 9 were still alive without cardiac 
transplantation at a mean follow-up of 27 months 
(range 2 to 32). 

Cutaneous blood flow rate measurement: Cutane- 
ous blood flow rate was measured at the middle of the 
dorsum of the foot with the local isotope washout tech- 
nique, using technetium-99m-pertechnetate dissolved 
in isotonic saline solution.!!-!^ The cutaneous vascular 
smooth muscle cells were paralyzed by histamine. Ap- 
proximately 0.1 ml of a mixed histamine (0.05 mg) and 
technetium-99m (0.1 mCi [3.7 MBq]) solution was in- 
jected intradermally. The gamma emission of the iso- 
tope was registered by a sodium iodide scintillation de- 
tector, and the fractional washout constant was calcu- 
lated as described previously.!? 

To clarify whether neurogenic factors were of impor- 
tance in the histamine-paralyzed vascular bed, the local 
nervous venoarteriolar reflex was activated after hista- 
mine injection by lowering the leg 40 cm below heart 
level.?.? The investigation was performed in 10 patients 
(3 women and 7 men, mean age 41 years, range 33 to 
55) with CHF (New York Heart Association functional 
class III to IV). 

Minimal vascular resistance: Subjects were placed 
in the supine position with the feet immobilized by a 
vacuum pillow to avoid change in counting geometry 
due to movements. A 10 X 10 cm, thin-walled, air-filled 
plastic bag was placed above the cutaneous isotope de- 
pot under a sphygmomanometer cuff.!2!6 Cutaneous 
blood flow rate measurements were initiated when red- 
dening of the skin appeared, and clearance of the iso- 
tope was constant. External counter pressure was in- 
creased stepwise by inflating the sphygmomanometer 
cuff and registered as the pressure in the plastic bag. 
Blood flow rate was recorded before, during and after 3 
to 5 stepwise increases of external counter pressure. 
Each recording period lasted from 3 to 4 minutes. 

To calculate cutaneous minimal vascular resistance, 
isotope washout constants (k) were plotted against ex- 
ternal counter pressures, and the slope of the regression 
line was calculated by the least-squares method (Figure 
1).'? Cutaneous blood flow rate (f) is proportional to k 
(f =k A+ 100 ml - 100 g^! - min^!) (AÀ is the tissue to 
blood partition coefficient in cutaneous tissue — 1.0 
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TABLE II Minimal Vascular Resistance, Skin Blood Flow and Skin Perfusion Pressure in 
Control Subjects and Patients with Congestive Heart Failure According to Disease Duration 
or Vasodilator Treatment 


Minimal Vascular 


Resistance 


Skin Blood Skin Perfusion 
Flow Pressure 


(mm Hg- ml-1 - 100g: min) (ml- 100 g^! - min!) (mm Hg) 


6.0 + 1.7 

9.0 + 1.9* 
9.1 + 3.61 
9.2 + 3.4| 
8.9 + 2.41 


Control subjects (n = 14) 
CHF <1 year (n = 12) 
CHF » 1 year (n = 14) 
CHF with VD (n = 13) 
CHF without VD (n = 13) 


10.3 + 2.4 
8.0 + 1.71 
8.1 + 2.1§ 
8.1 + 2.2§ 
19 31.7** 


*p = 0.0003, tp = 0.01, tp = 0.008, $p = 0.02, |p = 0.002, fp = 0.005, and **p = 0.007 compared with control 


subjects. 
CHF = congestive heart failure; VD = vasodilators. 


g/ml). Therefore, the slope has the unit flow/pressure, 
which is equivalent to the reciprocal of minimal vascu- 
lar resistance (—1/second). Furthermore, it is possible 
to measure skin perfusion pressure at rest as the exter- 
nal counter pressure at which blood flow ceases (i.e., the 
X intercept).? 

Histologic examination: After the blood flow rate in- 
vestigation, cutaneous biopsies (3 mm in diameter) were 
obtained from the skin area in 11 short-term and 13 
long-term CHF patients, and in all 14 control subjects. 
The tissue was formalin-fixed and paraffin-embedded. 
Four hematoxylin-eosin- and periodic acid Schiff- 
stained serial sections (2 wm thick) were used for a 
light-microscopic semiquantitative grading of the thick- 
ness of the terminal arteriolar basement membranes. 

The following severity grading of structural vascular 
damage was used: grade 1, no conspicuous alteration of 
arteriolar wall (Figure 2A); grade 2, arteriolar wall 
hyalinosis comprising <50% of arteriolar circumfer- 
ence; grade 3, arteriolar wall hyalinosis comprising 
>50% but not the entire arteriolar circumference; and 
grade 4, hyalinization and thickening of entire arteriolar 
wall, with severe narrowing of arteriolar lumen (Figure 
2B). At least 30 cross-sections of arterioles were evalu- 
ated from each biopsy, and the arterioles with the most 
pronounced alterations were selected for grading of 
each tissue sample.!>:!7:!8 Examinations were performed 
randomly and “blindly” by 1 investigator. 

Statistical methods: Comparisons between groups 
were performed by Student's ¢ test and Fisher's exact 
test for unpaired data. 

To detect the independent variables that were sig- 
nificantly associated with minimal vascular resistance, 
blood flow rate and perfusion pressure in the skin, mul- 
tiple least-squares regression analyses with stepwise 
elimination of the least nonsignificant independent vari- 
able parameter were performed.!? The analyses only in- 
cluded patients with CHF. As independent variables for 
minimal vascular resistance, blood flow rate and perfu- 
sion pressure, the following parameters were chosen: (1) 
degree of histologically verified hyalinosis of terminal 
arterioles, (2) age of subject, (3) duration of CHF, (4) 
left ventricular ejection fraction, (5) diastolic blood 
pressure and (6) New York Heart Association function- 
al class. As independent variables in the multiple regres- 
sion analysis for the determinants of the degree of arte- 
riolar hyalinosis, nos. 2 to 6 were selected. 





RESULTS 
Minimal vascular resistance: Minimal vascular re- 


sistance in the skin at the dorsum of the foot was signifi- 
cantly increased in short-term (9.0 mm Hg - ml"! - 100 
g - min; p = 0.0003) and long-term (9.1 mm Hg - ml! - 


100 g - min; p = 0.008) CHF patients compared with in 
healthy subjects (6.0 mm Hg - ml^! - 100 g - min) (Ta- 
ble II, Figure 3). There was no significant difference in 
minimal vascular resistance between short- and long- 
term CHF patients. Minimal vascular resistance was 
identical in patients on (9.2 mm Hg - ml! - 100 g - min; 
n = 13) and not on (8.9 mm Hg - ml"! - 100 g + min; 
n = 13) vasodilators. However, in both groups, minimal 











ELE. X RUN a e usura m 
FIGURE 2. Dermal arterioles patients with con- 
gestive heart failure (X 90, reduced by 47%). A, normal 
arterioles (grade 1). B, hyalinization and thickening of entire 
arteriolar wall with severe narrowing of arteriolar lumen 
(grade 4). 
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vascular resistance was significantly increased com- 
pared with that in control subjects (p — 0.002 and 
0.005, respectively). The interassay coefficient of varia- 
tion for minimal vascular resistance was 7.2 + 4.9%. 

In patients with CHF, multiple regression analysis 
revealed a significant direct association between mini- 
mal vascular resistance and degree of hyalinosis of the 
cutaneous terminal arterioles (p = 0.03; r = 0.45) (Fig- 
ure 4). None of the remaining chosen parameters were 
associated with minimal vascular resistance. 

Skin blood flow rate: Blood flow rate in the hista- 
mine-relaxed vascular bed without applied external 
counter pressure was significantly lower in patients with 
short-term (8.0 ml - 100 g^! - min^!) and long-term 
(8.1 ml - 100 g^! - min!) CHF than in control subjects 
(10.3 ml - 100 g^! - min^!; p = 0.01 and 0.02, respec- 
tively) (Table II, Figure 5). No difference could be de- 
tected in skin blood flow between patients on (8.1 ml - 
100 g^! - min^!) and off (7.9 ml - 100 g~! - min-!) 
vasodilators (p = 0.83; Table II). However, in both 
groups, skin blood flow was significantly lower than in 
control subjects (p — 0.02 and 0.007, respectively). The 
interassay coefficient of variation for skin blood flow 
was 8.0 + 5.2%. 

Neurogenic factors were inactive in the histamine- 
paralyzed vascular bed. When activating the local ner- 
vous venoarteriolar reflex in the histamine-paralysed 
vascular bed, a mean 22% increase (range —3 to +46%) 
in blood flow was seen instead of the normally demon- 
strated vasoconstriction and 40% reduction in blood 
flow.?!5 Multiple regression analysis demonstrated no 
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FIGURE 3. Minimal vascular resistance in skin in healthy sub- 
jects (circles), and patients with congestive heart failure in 
New York Heart Association (NYHA) functional class >Il for 
«1 year (triangles), and ^ for >1 year (squares). N.S. = not 
significant. 








association between the chosen independent variables 
and skin blood flow. 

Skin perfusion pressure: Calculated skin perfusion 
pressures were identical in the 3 groups (short-term 
CHF 68 mm Hg, long-term CHF 69 mm Hg and con- 
trol subjects 60 mm Hg). There was no difference in 
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FIGURE 4. Relation between minimal vascular resistance and 
histologically verified terminal arteriolar hyalinosis in skin of 
foot. Circles are healthy subjects, triangles are patients with 
congestive heart failure with New York Heart Association 
functional class >Il for <1 year, and squares are those with 
>Hi for ^1 year. 
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FIGURE 5. Blood flow in paralyzed vascular bed in skin in 
healthy subjects (circles), and patients with congestive heart 
failure with New York Heart Association (NYHA) functional 
class >II for <1 year (triangles), and >II for >1 year 
(squares). N.S. — not significant. 
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skin perfusion pressure between patients on (66 mm 
Hg; n = 13) and off (70 mm Hg; n = 13, p = 0.52) va- 
sodilators. In both groups, skin perfusion pressure was 
identical to that of control subjects (p = 0.17 and 0.08, 
respectively). The interassay coefficient of variation for 
skin perfusion pressure was 2.8 + 1.6%. There was no 
association between the chosen independent variables 
and skin perfusion pressure. 

Histologic investigation of skin biopsies: Semiquan- 
titative light-microscopic examination demonstrated in- 
creased thickness of the terminal arteriolar wall in pa- 
tients with short- and long-term CHF (Figures 2 and 
4). Enhanced thickening of the basement membranes in 
the arterioles was disclosed in skin biopsies in 8 of 11 
patients with short-term CHF and in all 13 with long- 
term CHF (in whom biopsies were obtained) whereas 
no control subject revealed vascular changes. Eleven of 
the 13 patients on and 10 of the 11 off vasodilators (in 
whom biopsies were obtained) had microangiopathic 
changes. In all, patients with CHF had more arteriolar 
hyalinosis than did control subjects (p — 0.002). There 
was no association between the chosen independent 
variables and degree of microangiopathy. 


DISCUSSION 

Our hypothesis was that increased stress is added on 
the peripheral microcirculation in severe CHF owing to 
capillary hypertension induced by backward cardiac 
failure and abnormal nervous arteriolar vasodilation in 
the upright position.? Furthermore, with the duration of 
the disease, the microvascular response to this enhanced 
stress would be increased thickness of the basement 
membranes in the terminal arterioles (arteriolar hyali- 
nosis), as seen in hypertension and diabetes melli- 
tus.1520-2 We demonstrated increased hyalinosis of the 
terminal arterioles in patients with severe CHF of both 
short- and long-term duration. This confirms the results 
obtained in skeletal muscle tissue of the arm in 7 pa- 
tients with rheumatic valvular disease and severe heart 
failure.” 

Minimal vascular resistance is the resistance in the 
totally paralyzed microvascular bed, similar to totally 
ischemic conditions. Minimal vascular resistance in the 
skin of the foot was increased in patients with CHF of 
both short- and long-term durations. There was no dif- 
ference in vascular resistance between the 2 groups of 
patients, neither when dividing them according to dis- 
ease duration nor to vasodilator treatment. 

As demonstrated in the present study, nervous fac- 
tors are inactive in a cutaneous histamine-relaxed vas- 
cular bed. Therefore, blood flow is only determined by 
the perfusion pressure and resistance offered by the 
small vessels (arterioles, capillaries and venules). The 
present documentation of increased minimal vascular 
resistance in the skin in patients with CHF is in agree- 
ment with most previously published resistance mea- 
surements in the entire extremity and in skeletal muscle 
tissue.!24-6 This implies that for identical perfusion 
pressure in the dilated vessels, blood flow will be lower 
in patients with CHF than in healthy control subjects. 
In skeletal muscle tissue, increased resistance would se- 
verely reduce blood flow during exercise. 


Only the degree of structural microangiopathy was 
directly associated with minimal vascular resistance. 
This indicates that terminal arteriolar hyalinosis is 1 of 
the determinants for the abnormal increased minimal 
vascular resistance in CHF. An identical association has 
been demonstrated in patients with insulin-dependent 
diabetes mellitus who also are characterized by reduced 
peripheral blood flow and increased microvascular resis- 
tance. "? 

Skin perfusion pressure was identical in patients 
with short- and long-term CHF, and in healthy sub- 
jects. In accordance with these results, patients with 
short- and long-term CHF, and increased minimal vas- 
cular resistance also demonstrated the expected reduced 
blood flow rate in the skin without applied external 
counter pressure. 

There is a great difference in physical performance 
between patients with identical levels of cardiac func- 
tion (i.e., cardiac output, left ventricular ejection frac- 
tion and so forth).?^?6 It has been suggested that the 
reduced working capacity is caused by skeletal muscle 
metabolic abnormalities*?7?5 or reduced vasodilation 
and increased vascular resistance, or both.!:2:4-629 

It is most likely that there is increased minimal vas- 
cular resistance in skeletal muscle tissue in patients with 
CHF. Furthermore, these patients also have increased 
thickness of the basement membranes in skeletal muscle 
tissue. Therefore, the expected increase of approximate- 
ly 60% in minimal vascular resistance in these patients 
would reduce blood flow level during work to 60% of the 
estimated maximal level, assuming identical perfusion 
pressure. This may be an important reason for the re- 
duced working capacity in CHF.!2? 

It was surprising to discover that even patients with 
CHF of short-term duration had increased vascular re- 
sistance and arteriolar hyalinosis. However, there was a 
great variability in resistance and hyalinosis within the 
2 patient groups independent of the duration of the dis- 
ease. Some of this variation in minimal vascular resis- 
tance could be explained by the presence of increased 
thickness of the arteriolar basement membranes. The 
almost identical results independent of the duration of 
the disease may mirror the individual vascular suscepti- 
bility to stress, and the net results of compensatory 
protective mechanisms. However, the mechanisms by 
which the patients develop their structural and function- 
al vascular abnormalities are still unclear. 
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to quit and received behavioral support, 





Quit rates were significantly greater for Habitrol after 7 weeks and after weaning 
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Percent of patients achieving abstinence after 7 and 10 weeks during the trials?* 
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E Systematic step-down therapy with three dosages helps wean patients off nicotine 


*Steady-state plasma nicotine concentrations for two consecutive applications of Habitrol 21 mg/day (Mean + 2SD). 
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INDICATIONS AND USAGE 
Habitrol treatment is indicated as an aid to smoking cessation for the relief of nicotine 
withdrawal symptoms. Habitrol treatment should be used as a part of a comprehensive 
behavioral smoking cessation program. 

The use of Habitrol systems for longer than 3 months has not been studied. 


CONTRAINDICATIONS 
Use of Habitrol systems is contraindicated in patients with hypersensitivity or allergy to 
nicotine or to any of the components of the therapeutic system. 


WARNINGS 

Nicotine from any source can be toxic and addictive. Smoking causes lung cancer, heart 
disease, emphysema, and may adversely affect the fetus and the pregnant woman. For any 
smoker, with or without concomitant disease or pregnancy, the risk of nicotine replacement in 
a smoking cessation program should be weighed against the hazard of continued smoking 
while using Habitrol systems, and the likelihood of achieving cessation of smoking without 
nicotine replacement. 


Pregnancy Warning 

Tobacco smoke, which has been shown to be harmful to the fetus, contains nicotine, hydrogen 
cyanide, and carbon monoxide. Nicotine has been shown in animal studies to cause fetol 
harm. It is therefore presumed that Habitrol treatment can cause fetal harm when adminis- 
tered to a pregnant woman. The effect of nicotine delivery by Habitrol systems has not been 
examined in pregnancy (see PRECAUTIONS, Other Effects). Therefore, pregnant smokers 
should be encouraged to attempt cessation using educational and behavioral interventions 
before using pharmacological approaches. If Habitrol therapy is used during pregnancy, or if 
the patient becomes pregnant while using Habitrol treatment, the patient shculd be apprised 
of the potential hazard to the fetus. 


Safety Note Concerning Children 

The amounts of nicotine that are tolerated by adult smokers can produce symptoms of 
poisoning and could prove fatal if Habitrol systems are applied or ingested by children or 
pets. Used 21 mg/day systems contain about 60% (32 mg) of their initial drug content. 
Therefore, patients should be cautioned to keep both used and unused Hab trol systems out 
of the reach of children and pets. 


PRECAUTIONS 

General 

The patient should be urged to stop smoking completely when initiating Habitrol therapy (see 
DOSAGE AND ADMINISTRATION). Patients should be informed that if they continue to 
smoke while using Habitrol systems, they may experience adverse effects due to peak nicotine 
levels higher than those experienced from smoking alone. If there is a clinically significant 
increase in cardiovascular or other effects attributable to nicotine, the Hobitrol dose should 
be reduced or Hobitrol treatment discontinued (see WARNINGS). Physicians should antici- 
pate that concomitant medications may need dosage adjustment (see Drug Interactions). 

The use of Habitrol systems beyond 3 months by patients who stop smoking should be 

discouraged because the chronic consumption of nicotine by any route can be harmful and 
addicting. 
Allergic Reactions: In a 6-week open-label dermal irritation and sensitization study of 
Habitrol systems, 22 of 220 patients exhibited definite erythema at 24 hours after applica- 
tion. Upon rechallenge, 3 patients exhibited mild-to-moderate contact allergy. Patients with 
contact sensitization should be cautioned that a serious reaction could occur from exposure 
to other nicotine-containing products or smoking. In the efficacy trials, erythema following 
system removal was typically seen in about 17% of patients, some edema in 4%, and 
dropouts due to skin reactions occurred in 6% of patients. 

Patients should be instructed to promptly discontinue the Habitrol treatment and contact 
their physicians if they experience severe or persistent local skin reactions at the site of 
application (e.g., severe erythema, pruritus or edema) or a generalized skin reaction (e.g. 
urticaria, hives, or generalized rash). 


Skin Disease: Habitrol systems are usually well tolerated by patients with normal skin, but 
may be irritating for patients with some skin disorders (atopic or eczematous dermatitis). 


Cardiovascular or Peripheral Vascular Diseases: The risks of nicotine replace- 
ment in patients with certain cardiovascular and peripheral vascular diseases should be 
weighed against the benefits of including nicotine replacement in a smoking cessation pro- 
gram for them. Specifically, patients with coronary heart disease (history of myocardial 
infarction and/or angina pectoris), serious cardiac arrhythmias, or vasospastic diseases 
(Buerger's disease, Prinzmetal’s variant angina) should be carefully screened and evaluated 
before nicotine replacement is prescribed. 

Tachycardia occurring in association with the use of Habitrol treatment was reported 
occasionally. If serious cardiovascular symptoms occur with Habitrol treatment, it should be 
discontinued. 

Habitrol treatment should generally not be used in patients during the immediate post- 
myocardial infarction period, patients with serious arrhythmias, and patients with severe or 
worsening angina pectoris. 


Renal or Hepatic Insufficiency: The pharmacokinetics of nicotine have not been 
studied in the elderly or in patients with renal or hepatic impairment. However, given that 
nicotine is extensively metabolized and that its total system clearance is dependent on liver 
blood flow, some influence of hepatic impairment on drug kinetics (reducec clearance) 
should be anticipated. Only severe renal impairment would be expected to affect the 
clearance of nicotine or its metabolites from the circulation (see CLINICAL 
PHARMACOLOGY, Pharmacokinetics). 


Endocrine Diseases: Hobitrol treatment should be used with caution in patients with 
hyperthyroidism, pheochromocytoma or insulin-dependent diabetes since nicotine causes 
the release of catecholamines by the adrenal medulla. 


Peptic Ulcer Disease: Nicotine delays healing in peptic ulcer disease; therefore, Habitrol 
treatment should be used with caution in patients with active peptic ulcers and only when the 
benefits of including nicotine replacement in a smoking cessation program outweigh the risks. 


Accelerated Hypertension: Nicotine constitutes a risk factor for development of ma- 
lignant hypertension in patients with accelerated hypertension; therefore, Habitrol treatment 
should be used with caution in these patients and only when the benefits of including nicotine 
replacement in a smoking cessation program outweigh the risks. 


Information for Patients 
A patient instruction sheet is included in the package of Habitrol systems dispensed to the 
patient. I! contains important information and instructions on how to use and dispose of 
Habitrol systems properly. Patients should be encouraged to ask questions of the physician 
and pharmacist. 

Patients must be advised to keep both used and unused systems out of the reach of children 
and pets. 


Drug Interactions 
Smoking cessation, with or without nicotine replacement, may alter the pharmacokinetics of 
certain concomitant medications. 


May Require a Decrease in 
Dose at Cessation of Smoking Possible Mechanism 








Acetaminophen, caffeine, imipramine, Deinduction of hepatic enzymes on smoking 
oxazepam, pentazocine, propranolol, cessation 
theophylline 


Insulin Increase of subcutaneous insulin absorption 
with smoking cessation 


Adrenergic antagonists (e.g., prazosin, Decrease in circulating catecholamines with 
labetalol) smoking cessation 


May Require an Increase in 
Dose at Cessation of Smoking Possible Mechanism 





Adrenergic agonists (e.g., isopro- 
terenol, phenylephrine) 


Decrease in circulating catecholamines with 
smoking cessation 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

Nicotine itself does not appear to be a carcinogen in laboratory animals. However, nicotine 
and its metobolites increased the incidence of tumors in the cheek pouches of hamsters and 
forestomach of F344 rats, respectively, when given in combination with tumor-initiators. One 
study, which could not be replicated, suggested that cotinine, the primary metabolite of 
nicotine, may cause lymphoreticular sarcoma in the large intestine in rats. 

Nicotine and cotinine were not mutagenic in the Ames Salmonella test. Nicotine induced 
repairable DNA damage in an E. coli test system. Nicotine was shown to be genotoxic in a test 
system using Chinese hamster ovary cells. In rats and rabbits, implantation can be delayed or 
inhibited by a reduction in DNA synthesis that appears to be caused by nicotine. Studies hove 
shown a decrease in litter size in rats treated with nicotine during gestation. 


Pregnancy Category D (see WARNINGS) 
The harmful effects of cigarette smoking on maternal and fetal health are clearly established. 
These include low birth weight, an increased risk of spontaneous abortion, and increased 
perinatal mortality. The specific effects of Habitrol treatment on fetal development are 
unknown. Therefore, pregnant smokers should be encouraged to attempt cessation using 
educational and behavioral interventions before using pharmacological approaches. 
Spontaneous abortion during nicotine replacement therapy has been reported; as with 
smoking, nicotine as a contributing factor cannot be excluded. 
Habitrol treatment should be used during pregnancy only if the likelihood of smoking 
cessation justifies the potential risk of use of nicotine replacement by the patient, who may 
continue to smoke. 


Teratogenicity 
Animal Studies: Nicotine was shown to produce skeletal abnormalities in the offspring of 
mice when given doses toxic to the dams (25 mg/kg/day IP or SC). 


Human Studies: Nicotine teratogenicity has not been studied in humans except as a 
component of cigarette smoke (each cigarette smoked delivers about | mg of nicotine). It has 
not been possible to conclude whether cigarette smoking is teratogenic to humans. 


Other Effects 

Animal Studies: A nicotine bolus (up to 2 mg/kg) to pregnant rhesus monkeys caused 
acidosis, hypercarbia, and hypotension (fetal and maternal concentrations were about 20 
times those achieved after smoking | cigarette in 5 minutes). Fetal breathing movements were 
reduced in the fetal lamb after intravenous injection of 0.25 mg/kg nicotine to the ewe 
(equivalent to smoking | cigarette every 20 seconds for 5 minutes). Uterine blood flow was 
reduced about 30% after infusion of 0.1 mg/kg/min nicotine for 20 minutes to pregnant 
rhesus monkeys (equivalent to smoking about six cigarettes every minute for 20 minutes). 


Human Experience: Cigarette smoking during pregnancy is associated with an in- 
creased risk of spontaneous abortion, low-birth-weight infants and perinatal mortality. Nico- 
tine and carbon monoxide are considered the most likely mediators of these outcomes. The 
effects of cigarette smoking on fetal cardiovascular parameters has been studied near term. 
Cigarettes increased fetal aortic blood flow and heart rate, and decreased uterine blood 
flow and fetal breathing movements. Habitrol treatment has not been studied in pregnant 
humans. 


Labor and Delivery 
Habitrol systems are not recommended to be left on during labor and delivery. The effects of 
nicotine on the mother or the fetus during labor are unknown. 


Nursing Mothers 

Caution should be exercised when Habitrol therapy is administered to nursing women. The 
safety of Habitrol treatment in nursing infants has not been examined. Nicotine passes freely 
into breast milk; the milk-to-plasma ratio averages 2.9. Nicotine is absorbed orally. An infant 
has the ability to clear nicotine by hepatic first-pass clearance; however, the efficiency of 
removal is probably lowest at birth. The nicotine concentrations in milk can be expected to be 
lower with Habitrol treatment when used as directed than with cigarette smoking, as mater- 
nal plasma nicotine concentrations are generally reduced with nicotine replacement. The risk 
of exposure of the infant to nicotine from Habitrol systems should be weighed against the risks 
associated with the infant's exposure to nicotine from continued smoking by the mother 
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passive smoke exposure and contamination of breast milk with other components oftobacco 
imoke) and from Habitrol systems alone or in combination with continued smoking. 


Pediatric Use 
4abitrol systems are not recommended for use in children because the safety and effective- 
vess of Habitrol treatment in children and adolescents who smoke have not been evaluated. 


Geriatric Use 
Forty-eight patients over the age of 60 participated in clinical trials of Habitrol therapy. 
Habitrol therapy appeared to be as effective in this age group as in younger smokers. 


ADVERSE REACTIONS 

Assessment of adverse events in the 792 patients who participated in controlled clinical trials 
is complicated by the occurrence of Gl and CNS effects of nicotine withdrawal as well as 
nicotine excess. The actual incidences of both are confounded by concurrent smoking by 
many of the patients. In the trials, when reporting adverse events, the investigators did not 
attempt to identify the cause of the symptom. 


Topical Adverse Events 

The most common adverse event associated with topical nicotine is a short-lived erythema, 
pruritus, or burning at the application site, which was seen at least once in 35% of patients on 
Habitrol treatment in the clinical trials. Local erythema after system removal was noted at 
least once in 17% of patients and local edema in 4%. Erythema generally resolved within 24 
hours. Cutaneous hypersensitivity (contact sensitization) occurred in 2% of patients on 
Habitrol treatment (see PRECAUTIONS, Allergic Reactions). 


Probably Causally Related 
The following adverse events were reported more frequently in Habitrol-trected patients 
than in placebo-treated patients or exhibited a dose response in clinical trials. 

Digestive system — Diarrhea’, dyspepsia’. 

Mouth/Tooth disorders — Dry mouth. 

Musculoskeletal system — Arthralgia*, myalgia’. 

Nervous system — Abnormal dreamst, somnolencet. 


Frequencies for 21 mg/day system 
"Reported in 3% to 9% of patients. 
tReported in 1% to 3% of patients. 
Unmarked if reported in <1% of patients. 


Causal Relationship Unknown 

Adverse events reported in Habitrol- and placebo-treated patients at about the same 
frequency in clinical trials are listed below. The clinical significance of the association between 
Habitrol treatment and these events is unknown, but they are reported as alerting informa- 
tion for the clinician. 


Body as a whole — Allergyt, back paint. 

Cardiovascular system — Hypertension. 

Digestive system — Abdominal paint, constipationt, nausea”, vomiting. 

Nervous system — Dizziness*, concentration impairedt, headache (17%), insomnia’. 
Respiratory system — Cough increasedt, pharyngitist, sinusitisf. 

Urogenital system — Dysmenorrhea”. 


Frequencies for 21 mg/day system 
"Reported in 3% to 9% of patients. 
tReported in 1% to 3% of patients. 
Unmarked if reported in <1% of patients. 


DRUG ABUSE AND DEPENDENCE 

Habitrol systems are likely to have a low abuse potential based on differences between it and 
cigarettes in four characteristics commonly considered important in contributing to abuse: 
much slower absorption, much smaller fluctuations in blood levels, lower blood levels of 
nicotine, and less frequent use (i.e. once daily). 

Dependence on nicotine polacrilex chewing gum replacement therapy has been re- 
ported. Such dependence might also occur from transference to Habitrol systems of tobacco- 
based nicotine dependence. The use of the system beyond 3 months has not been evaluated 
and should be discouraged. 

To minimize the risk of dependence, patients should be encouraged to withdraw gradually 
from Habitrol treatment after 4 to 8 weeks of usage. Recommended dose reduction is to pro- 
gressively decrease the dose every 2 to 4 weeks (see DOSAGE AND ADMINISTRATION). 


CAUTION: Federal law prohibits dispensing without prescription. 
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VALVULAR HEART DISEASE 


Mitral Valve Resistance as a Hemodynamic 
Indicator in Mitral Stenosis 


Reinaldo W. Beyer, MD, Alfonso Olmos, MD, Rubén F. Bermüdez, MD, 
and H. Elizabeth Noll, MD 


Variability of the valve area calculated by the Gor- 


lin formula has been noted in bioprosthetic and 
aortic valves, but few data are available for native 
stenotic mitral valves. Valve resistance has been 
proposed as an alternative hemodynamic indica- 
tor; however, its value in mitral stenosis has not 
been assessed. 

Thirty-four patients had simultaneous record- 
ings of left atrial and ventricular pressures, 26 
after percutaneous balloon mitral dilatation 
(PBMD). Patients with shunt or mitral regurgita- 
tion were excluded. Mitral valve resistance cor- 
related exponentially with Gorlin mitral area 
(y = 133*[area] 1-5; p <0.0001). Both Gorlin mi- 
tral area and mitral resistance improved after 
PBMD (0.89 + 0.07 cm? to 2.22 + 0.15 cm?; p 
«0.001; and 166 + 20 to 40 + 8 dynes: s: cm 5; 
p «0.001). Gorlin area and mitral resistance cor- 
related with New York Heart Association function- 
al class. After infusion of isoproterenol in 17 pa- 
tients, there was an increase in Gorlin area (base- 
line 1.77 + 0.22 cm?, change 0.23 + 0.10; p 
«0.03), whereas mitral resistance did not change 
(baseline 96 + 16 dynes : s cm 5, change 2 + 5; 
p = not significant). 

Mitral resistance is valuable in the assessment 
of mitral stenosis. It varies less than Gorlin mitral 
area under changing hemodynamic conditions. 

(Am J Cardiol 1992;69:775-779) 
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111E, Wadsworth Veterans Affairs Medical Center, Wilshire & Saw- 
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he valve area derived from the Gorlin formula has 

been used clinically for decades as an index of 

severity in the assessment of valve stenoses.!? 
The Gorlin formula was derived from principles valid 
for steady nonpulsatile flow, with a Newtonian fluid 
forced through a diaphragm with a circular orifice.'4 
Several assumptions are accepted when using the for- 
mula in the assessment of the intact heart with valve 
stenosis.^^ The most clinically relevant assumption is 
that the calculated valve area is a constant characteris- 
tic of each particular valve being assessed, and depends 
only on the anatomic severity of the obstruction to flow, 
so that differences in calculated areas can reliably be 
assigned to a different degree of stenosis. This is of par- 
ticular interest in obtaining accurate assessment during 
interventions such as percutaneous balloon mitral dila- 
tation (PBMD). However, studies in aortic stenosis? 
and mitral bioprostheses$ have shown that Gorlin area 
varies if the hemodynamic conditions during measure- 
ment are changed. Low flow states, among others, have 
been proposed as a condition in which the Gorlin formu- 
la is inaccurate, explaining discrepancies between ana- 
tomic and hemodynamically estimated Gorlin mitral 
areas in native valve mitral stenosis.? 

Valve resistance, as a variable in the assessment of 
valve stenoses, was theoretically dismissed before the 
development of techniques to measure left ventricular 
and left atrial pressures directly? Initial studies with 
modern techniques, limited to aortic valve stenosis, have 
renewed interest in valve resistance.!? Our purpose was 
to assess mitral valve resistance as a hemodynamic indi- 
cator by comparing it to Gorlin mitral area under dif- 
ferent hemodynamic conditions in patients who were 
candidates for PBMD. 


METHODS 

Patient characteristics: A total of 34 patients (8 
men, 26 women) with pure rheumatic mitral stenosis 
between the ages of 17 to 56 years (mean 37) were en- 
tered into this study. The baseline rhythm was sinus in 
25 patients and atrial fibrillation in 9. New York Heart 
Association functional classification was II in 4 patients, 
III in 24 and IV in 6 patients. Gorlin mitral area ranged 
from 0.36 to 1.61 cm? (mean 0.97) and mean left atrial 
pressure ranged from 12 to 40 mm Hg (mean 23). 
PBMD was undertaken in 32 patients. Symptoms were 
assessed again 4 weeks after PBMD, with the patients 
performing normal and usual activity. In the follow-up 
evaluation after PBMD, 21 patients were in New York 
Heart Association class I, 3 in class II and 1 in III. One 
patient was lost to follow-up. Cases with >1+ on a scale 
of 1 to 4+ ventriculographic mitral regurgitation!! or 
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oximetric step-up from the mixed venous blood to pul- 
monary artery 24% were excluded; thus, only 26 pa- 
tients were included in the analysis after PBMD. All 
patients gave informed consent before catheterization 
and PBMD. 

Catheterization technique and measurements: Left- 
and right-sided cardiac catheterization were performed 
by conventional percutaneous techniques with fluid- 
filled catheters. At least 4 thermodilution curve values 
with <10% variation were used to estimate cardiac out- 
put in each condition. Left atrial pressure obtained by 
way of transseptal puncture!?!? and left ventricular 
pressure were recorded simultaneously at a speed of 100 
mm/s and at a sensitivity of 4 mm Hg/cm on a Honey- 
well VR-16 recorder. Left ventriculography and cine 
coronary arteriography were performed using standard 
single-plane techniques. Of the 34 patients, 20 had fol- 
low-up catheterization 4 to 15 weeks after PBMD. 

PBMD was performed using noncompliant balloons 
introduced transseptally, using techniques previously de- 
scribed.'* Blood samples from the superior and inferior 
vena cava, pulmonary artery and left atrium or left ven- 
tricle were drawn simultaneously or in a fast sequence 
for oxygen saturation determination. A left ventriculo- 
gram in the 30? right anterior oblique projection was 
performed after PBMD. 

To assess the effects of changes in hemodynamic 
condition, 17 patients (11 before and 6 after PBMD) 
had repeated hemodynamic measurements during intra- 
venous isoproterenol infusion. The infusion was begun 
at a dose of 1 ug/min, titrated to achieve an increase in 
heart rate of 10 beats/min. Isoproterenol infusion and 
heart rate were stabilized for 23 minutes, after which 
recordings of cardiac output and pressure gradient were 
repeated as described. 

Analysis of hemodynamic data: Pressure tracings 
were traced on a 1/1,000 inch resolution digitizing tab- 
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let and microcomputer to obtain diastolic times and 
mean gradients. Calculations were performed using the 
following formulas: 


Q, 
DFTb x HR 
39.9 X vPiA pu Py 


oe Xs 
5 


Gorlin mitral area [cm?] = 


Mitral resistance = 





= 1,333 x 


p 

E. X xx 
where Pj 4 — P; y is mean transvalvular mitral pressure 
gradient [mm Hg], Q, is cardiac output [ml/min], 
DFTb is diastolic filling time per beat [seconds] and 
HR is heart rate [beat/min]. A constant of 39.9 was 
used in the Gorlin formula since direct left atrial pres- 
sures were measured.'> The number 1,333 used in equa- 
tion 2 only provides for unit conversion from mm Hg to 
dynes/cm? (1 mm Hg = 1,333 dynes/cm2). 

Statistics: Results are expressed as mean + SEM. 
PBMD and isoproterenol-induced changes were evalu- 
ated by Student's paired ¢ test. Correlation was sought 
by the least-squares regression method. Significance 
was accepted at p «0.05. Analysis was performed using 
the BMDP statistical software (BMDP Statistical Soft- 
ware, Inc., Los Angeles, California) on a microcom- 
puter. 


RESULTS 

In all, 111 hemodynamic valve area observations 
were obtained. These consisted of 34 baseline measure- 
ments, 14 after an initial but not final mitral balloon 
dilatation, 26 immediately after final PBMD, 20 at fol- 
low-up after PBMD, and 17 during isoproterenol infu- 
sion. Mitral resistance had a negative exponential rela- 
tion with Gorlin mitral area (Figure 1). 


n — 111 FIGURE 1. Relation of Gorlin mitral area 


with mitral valve resistance. A significant 
exponential and inverse relation is seen. 
Small changes in Gorlin mitral area have 
important effects on mitral valve resis- 
tance at small orifice area ranges. At ori- 
fice areas >2.5 cm?, minimal effect on mi- 
tral valve resistance is obtained by further 
increase in area. 


p« 0.0001 
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Functional class: Both Gorlin mitral area and mitral 
resistance correlated roughly with New York Heart As- 
sociation functional class (Figure 2). 

Effects of percutaneous balloon mitral dilatation 
and isoproterenol infusion: After PBMD the Gorlin mi- 
tral area increased from 0.89 + 0.07 cm? to 2.22 + 0.15 
cm? (p <0.001) and mitral resistance decreased from 
166 + 20 to 40 + 8 dynes - s - cm? (p <0.001). 

Table I lists the effects of isoproterenol infusion. 
There were significant increases in heart rate, mean 
transvalvular mitral gradient, cardiac output and mitral 
valve flow, without a significant change in diastolic fill- 
ing period. Although Gorlin mitral area increased sig- 
nificantly, no change in mitral resistance was detected 
when analyzed by paired 1 test (Figures 3 and 4). The 
change in Gorlin mitral area was significant even after 
excluding a patient with a baseline Gorlin mitral area 
close to 4 cm?. The relative change in Gorlin mitral area 
during isoproterenol infusion correlated with the relative 
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FIGURE 2. Gorlin mitral area (upper panel) and mitral valve 
resistance (lower panel) grouped by New York Heart Associa- 
tion (NYHA) functional class. Solid circles are means; bars, 
SEM. The outlined box encompasses the full range of values 
obtained in each class. 


TABLE | Hemodynamic Effects of Isoproterenol in Mitral 
Stenosis 


Basal isoproterenol Paired t 
(mean + SEM) (mean + SEM) pValue 





Heart rate (beats/min) 99+4 123 32:5 « 0.001 
Mean gradient (mm Hg) 12 5.2 15 «4-2 « 0.001 
Cardiac output (liters/min) 4.9 + 0.3 5.9 * 0.3 « 0.003 
Diastolic period (s/min) 26+1 25+1 NS 
Mitral flow (ml/s) 195+ 15 244 + 22 <0.001 
Mitral resistance 96 + 16 93 +15 NS 
(dynes -s-cm~®) 
Gorlin mitral area (cm?) 1.77+0.22 2.00+0.28 «0.03 


NS = not significant. 


change in mitral valve flow (r = 0.82; p <0.001; Figure 
5). 


DISCUSSION 

The main findings of this study are: (1) mitral resis- 
tance relates exponentially to Gorlin mitral area; (2) 
mitral resistance correlates roughly with New York 
Heart Association functional class, and (3) mitral resis- 
tance is relatively independent of hemodynamic condi- 
tions compared with Gorlin mitral area, which varied as 
a function of flow. 

Relation with Gorlin mitral area: The negative expo- 
nential relation of mitral resistance and Gorlin mitral 
area is expected, based on equations 1 and 2. At small 
orifice areas small changes in Gorlin mitral area have 
pronounced effects on mitral resistance. Conversely, at 
orifice areas >2.5 cm? only minor mitral resistance ef- 
fects can be expected by further increases in orifice area 
(Figure 1). 

Discrimination of mitral stenosis severity: Both 
Gorlin mitral area and mitral resistance correlated 
roughly with functional class and improved significantly 
after PBMD. 
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FIGURE 3. Gorlin mitral area change during isoproterenol in- 
fusion. Each patient and group means are shown. The change 


is significant by paired t test. 
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FIGURE 4. Mitral valve resistance change during isoprotere- 
nol infusion. Each patient and group means are shown. No 
significant changes were detected. NS = not significant. 


Independence of mitral resistance and dependency 
of Gorlin mitral area on flow changes: Although mitral 
resistance did not change during an isoproterenol infu- 
sion that induced an increase in mitral valve flow, Gor- 
lin mitral area did increase significantly. This diminish- 
es the clinical usefulness of the Gorlin mitral area, be- 
cause this value varies depending on the particular 
hemodynamic conditions during measurement (Figure 
5). 

A fundamental question is whether the orifice size 
actually changes with increased flow or this is a facti- 
tious change in calculated Gorlin mitral area due to the 
assumptions of the formula. In a pulsatile model using 
bioprosthetic valves, the planimetered valve orifice area 
varied «0.05 cm’, whereas the Gorlin calculated area 
increased with valve flow.'® Accepting that the Gorlin 
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mitral area increase seen with increased flow in our pa- 
tients is not paralleled by an increase in the anatomic 
orifice area as suggested by the previously mentioned 
study, it follows that the Gorlin formula is not com- 
pletely reliable in the accurate hemodynamic assess- 
ment of mitral stenosis under changing hemodynamic 
conditions. Our data do not allow for elucidation of the 
reason for the inaccuracy, although the fact that mitral 
resistance was more constant than Gorlin mitral area 
under changing hemodynamic conditions suggests that 
the pressure/flow relation to be used in an empirical 
formula for hemodynamic assessment may be approxi- 
mately linear in the type of patients we studied. The 
behavior of mitral resistance in our study is in accor- 
dance with the finding of a linear pressure/flow relation 
that predicts area better than the Gorlin formula.!6 This 
can be hypothetically explained by the fact that the 
Gorlin formula does not account for actual changes in 
the Gorlin constant. Hydraulic theory and experiments 
in vitro have shown that the Gorlin constant depends on 
the ratio of orifice area to the inlet area, and that it is 
constant only above a high "threshold" Reynolds num- 
ber, below which it decreases.'7:!8 It has been suggested 
that Reynolds numbers at this threshold level can be 
found in aortic stenosis with low output.!* The Reynolds 
number is directly proportional to the entry velocity and 
the hydraulic depth, which is the quotient of cross-sec- 
tional area divided by perimeter.!? Because the entry 
velocities in a stenotic mitral valve are lower than in the 
stenotic aortic valve, and the hydraulic depth of an ellip- 
tical or slit-like orifice is smaller than that for a circular 
orifice, it is possible that Reynolds numbers are low in 
mitral stenosis, so that the Gorlin constant operates be- 
low its maximal steady value and therefore varies with 
flow. To calculate valve area accurately at this range, a 
Gorlin constant for each flow would have to be known 
using a larger constant with a higher flow. 

Study limitations: It could be argued that the Gorlin 
mitral area in our study increased artificially while un- 


FIGURE 5. Gorlin mitral area change ver- 
sus mitral valve flow change. The changes 
are expressed as a percentage of the 
baseline value to standardize for different 
baseline values. The Gorlin mitral area 
change correlates with mitral valve flow 
change. A change up to 43% of baseline 
Gorlin mitral area was seen. 
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der the effects of isoproterenol due to an augmentation 
of atrial left to right shunting, i.e., without an actual 
increase in mitral valve flow. However, in our study 
only 6 of 17 patients with isoproterenol infusion were 
studied after PBMD, so that most patients were studied 
before the creation of an anatomic interatrial communi- 
cation. In addition, our criterion for shunt was stricter 
than previous reports, and we could not identify a 
qualitative difference in response between the group 
before and the group after PBMD. It is unlikely that 
the findings of our study represent variable shunting 
through an interatrial septal defect after PBMD. 

A study with a larger number of patients may show 
significant changes of mitral resistance under increased 
flow conditions. It is conceivable that under increased 
flow conditions the hemodynamic efficiency of the ste- 
nosis improves.*:!? The size and shape of the inflow por- 
tion before a stenosis determine the rate at which pres- 
sure energy is transformed into flow velocity, a quantity 
known as coefficient of discharge.'!^!52! With higher 
flow, part of the increased hydraulic energy may favor- 
ably alter the inflow and orifice shape, so that the pres- 
sure gradient is now able to drive a much higher trans- 
valvular flow. Our results indicate that, if this change in 
mitral resistance occurs, it is less marked than the 
changes in calculated Gorlin mitral area. 
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CARDIOMYOPATHY 


Myocardial Perfusion Abnormalities in Chronic 
Chagas' Disease as Detected by 
Thallium-201 Scintigraphy 


José A. Marin-Neto, MD, ScD, Paolo Marzullo, MD, Claudio Marcassa, MD, 
Lourenco Gallo, Jr., MD, Benedito C. Maciel, MD, C. Ricardo Bellina, MD, 
and Antonio L'Abbate, MD 


Most patients with chronic Chagas' heart disease 
complain of chest pain. The pathophysiology of 
this symptom is unknown, although myocardial 
necrosis and fibrosis are frequent necropsy find- 
ings and cardiac autonomic impairment is a promi- 
nent feature of the disease. To evaluate the possi- 
bility of an ischemic cause for these abnormalities 
in 23 patients (18 men, aged 32 to 60 years, 
mean 42) with chronic Chagas' disease complain- 
ing of chest pain, thallium-201 myocardial scintig- 
raphy was performed after maximal effort and 4- 
hour redistribution. Regional wall motion was as- 
sessed by radionuclide and contrast angiography. 
Heart rate responses to sinus respiratory arrhyth- 
mia, atropine, phenylephrine and Valsalva maneu- 
ver were evaluated in all patients and in 22 nor- 
mal control subjects. Coronary angiography was 
performed in 16 patients. Only 1 patient had chest 
pain and no ischemic electrocardiographic 
changes occurred in any case during the effort 
test. Scintigraphic analysis of 7 segments per pa- 
tient showed perfusion defects in at least 1 seg- 
ment in all patients. Of 161 myocardial segments 
16 showed fixed, 10 reversible, and 22 paradox 
defects (reverse redistribution). The majority 
(75%) of the fixed perfusion defects occurred in 
dyssynergic regions, whereas reverse redistribu- 
tion predominated in regions with normal wall mo- 
tion (82%). The reversible defects were present in 
normal or mildly hypokinetic regions. Markedly 
impaired parasympathetic cardiac control was 
present but no significant coronary abnormalities 
were seen in any of the 16 patients undergoing 
angiography. It is concluded that whereas fixed 
defects are likely to correspond to fibrotic or ne- 
crotic lesions, reversible and paradox perfusion 
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defects may be caused by regional flow or metabo- 
lism derangements, possibly related to abnormal 
parasympathetic control of the coronary microcir- 
culation. 

(Am J Cardiol 1992;69:780-784) 


ism of myofibers is associated with diffuse myocar- 

ditis and myocytolic necrosis.!? Most patients recov- 
er and remain asymptomatic for periods of 10 to 30 
years before the chronic phase of the disease ensues and 
striking cardiac abnormalities appear.!-? 

The development of chronic Chagas’ heart disease is 
not completely understood. Ventricular dysrhythmia, 
heart failure and sudden death are common complica- 
tions.?^ Patchy interstitial and regional transmural 
myocardial fibrosis are seen on human pathologic biop- 
sy>° or necropsy’ specimens as well as on experimental 
models of Trypanosoma cruzi cardiomyopathy.-!9 Al- 
though at least 15% of patients with Chagas’ disease 
complain of atypical chest pain that may or may not be 
typical of angina,!!!-12 the epicardial coronary arteries 
are usually normal or even dilated.!?.!? Coronary micro- 
circulation derangements are documented both in the 
acute and chronic periods of experimental Chagas’ dis- 
ease,!^!? and cardiac parasympathetic disturbances are 
shown by pathologic”! and functional studies!?^!8 in 
humans. 

No studies have correlated chest pain with objective 
markers of myocardial ischemia, coronary anatomy, 
ventricular function and the cardiac autonomic control 
in Chagas' disease. This study assessed regional myo- 
cardial perfusion and wall motion in a group of patients 
with Chagas' disease whose main complaint was chest 
pain. The chronotropic autonomic control was evaluated 
in comparison with a control group of normal subjects, 
and coronary angiography was performed in a subset of 
patients. 


|: the acute phase of Chagas’ disease, intense parasit- 


METHODS 

Study group: Studies were performed on 23 patients 
(18 men, mean age 42 years [range 32 to 60]). All had 
positive complement fixation and immunofluorescence 
tests for Chagas’ disease. Written informed consent was 
obtained, and the study protocol was approved by the 
Ethics Committee of the University Hospital of Ribei- 
rao Preto, where the patients were studied. 
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All patients were clinically stable, in normal sinus 
rhythm, and not taking any medications at the time of 
the study. No episodes of heart failure had occurred in 
any patient, and other cardiac or systemic diseases were 
excluded by specific clinical and laboratory investiga- 
tion. Most patients were hard workers, with no limita- 
tions in physical performance. All patients complained 
of chest pain that was not considered typical of angina 
because, although having some features of ischemic car- 
diac pain (location and character), the symptom had no 
consistent relation to effort and was not relieved by ni- 
trates. In addition, no transient ST-T changes were re- 
corded during Holter monitoring. Some patients also 
had other symptoms, and electrocardiographic changes 
were seen in all but 2 of them (Table I). No significant 
ventricular dilatation, hypertrophy or global dysfunction 
could be disclosed by 2-dimensional echocardiography 
in 20 patients. In the remaining 3 patients, moderate 
left ventricular dilation (Table I) and diffuse hypokine- 
sia was seen. No malignant arrhythmias but frequent 
polymorphic ventricular ectopic beats in 5 and intermit- 
tent atrioventricular conduction abnormalities in 2 pa- 
tients were seen during Holter monitoring. Digestive in- 
volvement was diagnosed in 13 patients on the basis of 
both symptoms and radiologic examination (Table I). 

Thallium scintigraphy: Maximal continuous graded 
bicycle exercise was performed in the sitting position, 
with incremental work load increases of 25 W at 2-min- 
ute intervals. The 12-lead electrocardiogram and blood 
pressure were recorded throughout the test. At peak ex- 
ercise, 2 mCi of thallium-201 was injected and the ef- 
fort maintained for an additional 60 to 90 seconds. Pla- 
nar imaging was initiated 5 minutes after the injection 
time, using a large field-of-view camera (Ohio Nuclear) 
with a high-resolution parallel-hole collimator. Three 
views (45? left anterior oblique, anterior and lateral) 
were obtained, each containing 2300,000 counts. Re- 
distribution scans were acquired 4 hours later. Initial 
and delayed images were stored into a 64 X 64 matrix, 
and visually scored by 3 experienced observers unaware 
of the other study data. Seven segments (anterolateral, 
apical, inferior, septal, posterolateral, anterior and pos- 
terior) were scored on a 3-point scale, from 0 = normal 
uptake, 1 = mildly, and 2 = moderately to severely de- 
creased myocardial uptake. In our laboratories, an in- 
terobserver agreement of 95% for grading severity of 
thallium-201 perfusion defects has been obtained by 2 
expert observers, including the degree of change from 
initial to delayed images. Fixed (unchanged score), re- 
versible (score decrease Z1) and paradox (score in- 
crease Z1) defects were defined in every segment ana- 
lyzed. 

Gated blood pool cardiac scintigraphy: After red 
blood cell labeling in vivo with 20 to 25 mCi of techne- 
tium-99m, blood pool images were acquired at rest in 
the anterior, left anterior oblique and lateral projections 
as described elsewhere.!? Data were acquired in frame 
mode for 4 to 6 minutes in each projection, at 16 frames 
per cycle, collecting an average of 400,000 counts per 
frame. Qualitative analysis was performed by 3 observ- 
ers, and regional wall motion graded as normal, hypoki- 







TABLE I Clinical Characteristics of Patients 





No. of 
Pts. (96) 






















Symptoms 


Chest pain 23 (100) 
Palpitation 5 (22) 
Dyspnea 4 (17) 
Syncope 2 (9) 
Dysphagia 13 (57) 
Constipation 9 (39) 
ECG findings 
Diffuse ST-T changes 13 (57) 
VPC 7 (30) 
RBBB + LAD 7 (30) 
RBBB 3 (13) 
LAD 2 (9) 
First-degree AV block 2 (9) 
Low voltage 3 (13) 
Abnormal Q waves 2 (9) 
Cardiothoracic ratio > 0.5 3 (13) 
Digestive disease 
Megaesophagus 12 (52) 
Megacolon 9 (39) 







AV = atrioventricular; ECG = electrocardiographic; LAD = left-axis deviation; 
RBBB = right bundle branch block; VPC = ventricular premature complex. 


netic, akinetic or dyskinetic in the same 7 segments of 
thallium scintigraphy. Areas of dyssynergy were accept- 
ed as such when detected by =2 of the 3 observers. Left 
ventricular ejection fraction was derived by computer 
from time-activity curves.!? 

Cardiac catheterization: Coronary arteriogram in 
multiple views were obtained in 16 of the 23 patients, 
within 6 months of thallium-201 studies by the Sones 
method. In the remaining 7 patients who refused to un- 
dergo invasive procedures, smoking was the only risk 
factor found in 3 male patients aged 32, 33 and 38 
years. Contrast ventriculography was performed in the 
right and left anterior oblique views and wall motion 
analysis performed on segments corresponding to those 
of radionuclide angiography. 

Autonomic evaluation: Heart rate and intraarterial 
blood pressure were measured during respiratory sinus 
arrhythmia, Valsalva maneuver, phenylephrine and at- 
ropine injections. All patients were studied in the 
postabsorptive state after eating a light meal. The mag- 
nitude of respiratory sinus arrhythmia was evaluated in 
the sitting position, with tidal volume maintained at 1 
liter, and the respiratory frequency at 6 cycles/min. The 
mean difference from maximal and minimal heart rate 
values in 9 successive respiratory cycles was taken to 
express the magnitude of respiratory sinus arrhythmia 
in each patient. The Valsalva maneuver was per- 
formed with oral pressure of 40 mm Hg for 20 seconds, 
and the Valsalva ratio measured as the longest RR in- 
terval during phase IV in the recovery, divided by the 
shortest RR interval recorded during the strain. The 
baroreflex sensitivity was evaluated as described else- 
where.?! Briefly, a bolus of 50 to 150 ug of phenyleph- 
rine was injected intravenously to increase the systolic 
blood pressure by 20 to 30 mm Hg above baseline lev- 
els. Increasing systolic blood pressure values were relat- 
ed to each corresponding next RR interval, and the 
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slope of the linear regression thus obtained was used as 
an index of baroreflex sensitivity. Intravenous atropine 
in the supine position at a dose of 0.04 mg/kg body 
weight?? was administered to produce parasympathetic 
blockade. Autonomic evaluation was also performed in 
22 normal subjects (aged 24 to 65 years, mean 37). 
Statistical analysis: A Student's ¢ test for unpaired 
samples was used to compare the autonomic results ob- 
tained in the groups of normal subjects and patients 
with Chagas' disease. Chi-square or Fisher's exact tests 
were used to compare prevalence of perfusion and wall 


TABLE ll. Assessment of Thallium-201 Myocardial 
Scintigraphy and Left Ventricular Segmental Wall Motion 


Thallium-201 Perfusion Defects Left Ventricular Dyssynergy 


Fixed Reversible Paradox  Hypokinesia Akinesia/Dyskinesia 


A = anterior; Al = anterolateral; Ap = apical; | = inferior: P = posterior; PI = 
posterolateral; S = septal. 


Reversible 





FIGURE 1. Examples of normal thallium-201 effort-redistri- 
bution uptake (upper left panel) and of each type of perfusion 
defect found in patients with Chagas' disease. Reversible and 
fixed septal defects are shown in the upper right and lower 
left panels, respectively. A paradox defect in the posterolater- 
al region is shown in the lower right panel. In all panels the 
left and right frames represent scintigraphic left anterior 
oblique views for effort and redistribution, respectively. 


motion defects in subgroups of patients with severe or 
moderate autonomic dysfunction. The significance level 
was set at 5%. 


RESULTS 

Clinical and electrocardiographic exercise re- 
sponses: In all patients exercise was terminated by ex- 
haustion. All but 1 patient achieved 285% of maximal 
age-predicted heart rate. As an average, heart rate in- 
creased from 71 + 14 beats/min at baseline to 163 + 
22 beats/min at peak exercise, which was attained with 
140 + 42 W (mean + SD) of work load. A normal 
blood pressure response to exercise was always observed 
(mean change 122 + 11/83 + 13 mm Hg at baseline to 
183 + 26/94 + 14 mm Hg at peak exercise for systolic 
and diastolic values, respectively). The pressure-rate 
product increased from 8,635 + 2,112 at baseline to 
29,976 + 6,696 at peak effort. No significant (21 mm 
ST depression 0.08 second after the J point in >1 lead) 
ischemic changes were recorded during or immediately 
after effort. Chest pain of short duration and sharp 
quality occurred in only 1 patient. Ventricular prema- 
ture complexes appeared in 8 patients, during effort, 
with multiform bursts of up to 4 beats seen in 2. 

Thallium-201 scintigraphy: Scintigraphic defects in 
at least 1 segment were found in all patients (Table II). 
Defects were fixed in 15 patients (65%), reversible in 8 
(35%), and showed reverse redistribution in 14 (61%). 
Of a total of 161 segments 113 were normal, 16 had 
fixed, 10 reversible and 22 reverse redistribution defects 
(Table II). Figure 1 shows illustrative cases of each type 
of perfusion defect. 

Coronary angiography and left ventricular function 
assessment: No significant (>50% stenosis) coronary 
abnormalities were seen in any patient undergoing car- 
diac catheterization. Baseline hemodynamics at rest 
were within normal limits in all but 2 patients, whose 
left ventricular end-diastolic pressures were 18 and 31 
mm Hg. Left ventricular ejection fraction was abnor- 
mal («0.5) in only 4 of the 23 patients. For the group, a 
mean + SD of 0.59 + 0.11 was found. Only 3 patients 
had normal wall motion in all segments analyzed by 
radionuclide and contrast ventriculography. A diffuse 
pattern of hypokinesia was seen in 1 patient. Overall, 25 
segments were hypokinetic and 13 segments were aki- 
netic or dyskinetic (Table II). 

Wall motion correlates of different perfusion de- 
fects: Fixed perfusion defects!6 predominated in the ap- 
ical region (8896); 7 of these segments were associated 
with severe dyssynergy (akinesia or dyskinesia); 5 oc- 
curred in hypokinetic segments and 4 were in areas 
showing normal wall motion, including the only 2 fixed 
defects detected in the posterior and posterolateral 
areas. Ten defects were reversible, 4 occurring in the 
septal area and the others in various segments: 5 of 
these defects occurred in areas of normal wall motion 
and 4 in hypokinetic segments (Figure 2). 

Twenty-two perfusion defects showed a reverse re- 
distribution. They were predominant in the posterior 
and posterolateral areas (55%) and in the apical region 
(23%). Eighteen of the segments showing reverse redis- 
tribution were located in areas with normal wall motion 
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(82%) (Figure 2 and Table II) and 3 in severely dyssyn- 
ergic regions. 

Autonomic evaluation: Table III lists results of the 4 
tests; the autonomic responses in patients with Chagas’ 
disease were significantly impaired compared with those 
of normal subjects. On the basis of respiratory sinus ar- 
rhythmia <10 beats/min, Valsalva ratio 1.6, barore- 
flex sensitivity <5 ms/mm Hg and chronotropic re- 
sponse to atropine <20 beats/min, a group of 10 pa- 
tients with Chagas’ disease was considered to have 
severe autonomic impairment, as opposed to the other 
13 patients with moderate or mild autonomic dysfunc- 
tion. 

Correlation of autonomic impairment with scinti- 
graphic and wall motion abnormalities: No significant 
correlations were found between the severity of the 
autonomic impairment and the presence of each scinti- 
graphic defect for the individual patients. Overall, scin- 
tigraphic defects were seen in 33% of 70 regions in the 
group with severe and in 27% of 91 regions in the group 
with moderate or mild impairment of the autonomic 
chronotropic control. Although not reaching statistical 
significance, a trend was observed toward more akinetic 
or dyskinetic segments (31%) in the group with severely 
impaired autonomic responses, in contrast to the less 
autonomically impaired group (18% of akinesia). 


DISCUSSION 

The fixed defects in severely dyssynergic regions of 
the left ventricle are probably related to extensive myo- 
cardial necrosis or fibrosis shown in autopsies of pa- 
tients during various stages of Chagas’ disease, includ- 
ing autopsies of those with sudden or accidental death 
and no previous symptoms.!?^ Most of these fixed per- 
fusion defects seen on scintigraphy involved the apex, 
which is known to be a preferential site of aneurysmal 
lesions in Chagas’ disease.?? 

The cause of the reversible and reverse redistribu- 
tion defects, usually in regions with no severe wall mo- 
tion abnormalities, detected in a substantial proportion 
(61%) of our patients, is unknown. Exercise scans sug- 
gesting ischemia have previously been described in a 
few patients with Chagas’ disease in studies using thalli- 
um-201 or technetium-isonitrile imaging.!?2?^ In our pa- 
tients, these scintigraphic abnormalities were not ac- 
companied by pain on effort, or by electrocardiographic 
signs of myocardial ischemia. Moreover, angiographi- 
cally normal coronary arteries were found in every pa- 
tient with Chagas' disease who underwent cardiac cath- 
eterization in this study, and the reversible perfusion de- 
fects were mostly seen in segments without severe wall 
motion abnormalities at rest. Furthermore, neither clini- 
cal nor laboratory findings allowed discrimination be- 
tween patients with Chagas' disease with or without re- 
versible scintigraphic defects. 

However, a reversible defect should imply that via- 
ble myocardium is relatively or absolutely hypoperfused 
during stress. In the absence of angiographically proven 
epicardial coronary artery disease, a possible cause for 
perfusion defects could be a derangement of the coro- 
nary microcirculation. To be confirmed, this hypothesis 
would require a direct demonstration of reduced coro- 


nary flow reserve? and the elucidation of its mecha- 
nisms. Although our study cannot provide objective 
data to support the hypothesis of a microcirculation de- 
rangement, it seems plausible to speculate that a loss of 
vagal-induced coronary vasodilatation?é might lead to 
flow reserve curtailment in patients with Chagas' dis- 
ease. In this study, as well as in others,!^!* a marked 
impairment of the parasympathetic control of the sinus 
node was detected, in keeping with pathologic dem- 
onstrations of neuronal degeneration in Chagas' dis- 
ease.?!6 The lack of a good correlation between the se- 
verity of the autonomic impairment and of scintigraphic 
abnormalities in individual patients should not exclude a 
possible role of a disturbed parasympathetic control of 
the coronary microcirculation in the development of the 
perfusion defects. In fact, the efferent and afferent 
parasympathetic innervation at the ventricular and cor- 
onary level??28 has not been evaluated in this or in other 
studies of Chagas' disease, and the severity of its in- 
volvement cannot be extrapolated from the impairment 
of the sinus node control. 

Nevertheless, alternative causal mechanisms for the 
scintigraphic defects must be considered. Thus, regional 
blood supply and metabolic demand may be unbalanced 
because of localized inactivation and relaxation distur- 


TABLE Ili Autonomic Evaluation in Normal Subjects (n = 22) 
and Patients with Chagas’ Disease (n = 23) 


Respiratory 
Sinus 
Arrhythmia 
(beats/min) 


AHR with 
Atropine 
(beats/min) 


Baroreflex 
Sensitivity 
(ms/mm Hg) 


Valsalva 
Ratio 


Normal subjects 17.3 + 5.9 2.1 € 0.3 15.8 5.8 46.1 € 137 
Chagas’ disease 6.2 € 5.8 1.5 €0.4 662+49 27.7 +21.1 
Significance p «0.001 p «0.005 p «0.001 p «0.001 


All values are mean + SD. 
HR = heart rate. 
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FIGURE 2. Top panel, absolute number of segments with nor- 
mal thallium-201 uptake and each type of scintigraphic de- 
fect. Lower panel shows wall motion correlates of perfusion 
defects with normal motion (Normal), hypokinesia (Hypok) and 
akinesia or dyskinesia (Ak/Dysk). E = effort; R = redistribu- 
tion 
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bances,” or may be consequent to increased wall stress 
in patients with ventricular aneurysms. Because thalli- 
um-201 is actively taken up by viable tissue, reversible 
scintigraphic abnormalities may be explained by tran- 
sient metabolic dysfunction, in addition to local absolute 
or relative hypoperfusion. Although reverse redistribu- 
tion is a phenomenon not well understood even in the 
context of coronary artery disease, in patients with Cha- 
gas' disease these defects could reflect areas with nor- 
mal myocardium mingled with scar tissue. This would 
be similar to the nontransmural areas of necrosis mixed 
with jeopardized viable myocardium described in pa- 
tients undergoing thrombolysis for myocardial infarc- 
tion. 20.3! 

Significance of the findings and clinical implica- 
tions: Evaluation of chest pain is a major problem in 
patients with Chagas' disease. In our experience almost 
all patients have symptoms that are atypical for classic 
angina pectoris, but in some cases enough features sug- 
gestive of myocardial ischemia are present to warrant 
coronary angiography, which shows normal or nearly 
normal coronary arteries in >90% of patients studied. 
Esophageal motility disturbances and episodes of pul- 
monary embolism, especially in patients with low cardi- 
ac output, are frequently documented. In >60% of the 
patients the causal mechanisms of pain remain undeter- 
mined, and clinical and laboratory data usually do not 
allow one to distinguish these from patients with Cha- 
gas' disease not presenting with chest pain. The present 
study showing perfusion abnormalities in Chagas’ pa- 
tients specifically selected on the basis of chest pain sug- 
gest that myocardial ischemia, possibly of the microvas- 
cular type, may play at least a contributory role in the 
genesis of the symptom. The findings of this investiga- 
tion may bear relevant clinical implications regarding 
possible pharmacologic interventions in chronic Chagas' 
disease to prevent or attenuate consequences of flow 
maldistribution, such as ischemia and necrosis. In this 
context, it is appropriate to note that an experimental 
study of Chagas' disease has shown beneficial effects of 
calcium antagonists.?? Therefore, the concept that re- 
versible scintigraphic abnormalities may reflect micro- 
circulatory derangements will require the performance 
of studies aimed at demonstrating reduced coronary 
flow reserve in patients with Chagas' disease. 
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From Merck Sharp & Dohme 
Research Laboratories 


THE SEAL CAN 
NOW BE BROKEN 
ON A NEW 
HMG-CoA REDUCTASE 
INHIBITOR 


For a Brief Summary of Prescribing Information, please see the last page of this advertisement. 
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In indicated patients, 


A positive effect 
on all key lipid parameters 





ZOCOR’ (Simvastatin) is indicated 
as an adjunct to diet for the reduction 
of elevated total and LDL cholesterol 
levels in patients with primary 
hypercholesterolemia 

(Types Ila and IIb) when response to 
diet and other nonpharmacologic 
measures alone has been inadequate. 





Overall mean percent changes*’** 


| LDL | HDL | Total prd | 
Cholesterol | | Cholesterol Cholesterol Triglycerides | 


| +13% 


The effect of simvastatin-induced 
changes in lipoprotein levels, including 
reduction of serum cholesterol, on 
cardiovascular morbidity or mortality 
has not been established. 










[ | 
| [—1 [ 


10 





* Mean percent changes from baseline from 
two randomized controlled trials of 6 to 
8 weeks' duration in 95 patients receiving 
ZOCOR 5 mg once daily. In these studies, 
mean baseline cholesterol levels (on diet) 
were 209 mg/dL for LDL cholesterol and 
288 mg/dL for total cholesterol. 


** Mean percent changes from baseline from 
six randomized controlled trials of 4 to 
12 weeks' duration in 767 patients receiving 
ZOCOR 10, 20, or 40 mg once daily. In these 
studies, mean baseline cholesterol levels (on 
diet) were 277 mg/dL for LDL cholesterol and 
354 mg/dL for total cholesterol. 
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= ONCE DAILY 


5mg | 10mg 
20 me | 40 me 











For a Brief Summary of Prescribing 
Information, please see the last page 
of this advertisement. 
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In clinical trials,' 
° ° e The recommended starting dose 
Majority of patients is 5 or 10 mg once a day in the 
B s * evening. Patients with LDL 
^ reti (at A CECI Ce CLR ME | cholesterol levels (on dien 
>190 mg/dL should be started on 


DD) 5 cholesterol at the 10 mg once a day. A starting dose 


s of 5 mg once a day should be 
2 "s considered for patients with LDL 
5 Or 10 mg starting dose cholesterol (on diet) of < 190 mg/dL 
and for elderly patients. 


ZOCOR’ (Simvastatin) is 

contraindicated in patients 

who are hypersensitive to any 

component of the medication; 

in patients with active liver disease 

or unexplained persistent 

transaminase elevations (see 

WARNINGS); in pregnant or 

of patients at the E patients; and in n 

5-mg starting dose (n-95) OF CHESIDGATING Age SXCEDE W ek 
such patients are highly unlikely 
to conceive. 


of patients at the 10-mg starting dose (n- 161) 
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* Patients from trials described on the third 
page of this advertisement 
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At 20 mg once daily, 86% of patients (n=400) achieved 
> 20% reduction in LDL cholesterol. 


At 40 mg once daily, 9596 of patients (n= 199) achieved For a Brief Summary of Prescribing 
Information, please see the last 


> 2096 reduction in LDL cholesterol. page of this advertisement. 
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SIMVASTATIN 


THE EFFICACY THAT YOU NEED- 
WITH ONLY ONE TABLET, 
ONCE A DAY, 
ACROSS THE DOSAGE RANGE 
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Easy to prescribe...easy to comply with 


START WITH CONSIDER 


10 mg once a day for a starting dose of 5 mg 
4 patients with LDL < once a day for patients with 
cholesterol levels (on diet) LDL cholesterol (on diet) 
» 190 mg/dL.* of <190 mg/dL and for 
elderly patients. 


* The National Cholesterol Education Program (NCEP) guidelines recommend consideration of drug treatment when LDL cholesterol is 
» |90 mg/dL after 6 months of diet in patients with no CHD and with fewer than two additional risk factors, such as male sex, severe obesity, 
cigarette smoking, or family history of CHD. In patients with definite CHD or with no CHD but with two additional risk factors, the NCEP 
recommends consideration of treatment when LDL cholesterol is 2 160 mg/dL after 6 months of diet. 


Patients should be placed on a standard cholesterol-lowering diet for a minimum of 3 to 6 months before receiving 
ZOCOR’ (Simvastatin) and should continue on this diet during treatment with ZOCOR. 


Doses should be individualized according to baseline LDL cholesterol levels, the recommended goal of therapy (see 
NCEP guidelines), and the patient's response. Adjustments of dosage should be made at intervals of 4 weeks or more. 


In elderly patients, maximum reductions in LDL cholesterol may be achieved with daily doses of 20 mg or less. 


In patients who are taking immunosuppressive drugs concomitantly with simvastatin (see WARNINGS, Skeletal Muscle), 
therapy should be initiated at 5 mg and should not exceed 10 mg per day. 


Because ZOCOR does not undergo significant renal excretion, modification of dosage should not be necessary in patients 
with mild to moderate renal insufficiency. However, caution should be exercised when ZOCOR is administered to patients 
with severe renal insufficiency; such patients should be started at 5 mg per day and should be closely monitored. 


For a Brief Summary of Prescribing Information, please see the last page of this advertisement. 
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SIMVASTATIN 


For many patients, 


THE EFFICACY THAT YOU NEED- 
WITH A FAVORABLE 
TOLERABILITY PROFILE 
THAT IS WELL DOCUMENTED 
IN CLINICAL TRIALS 
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Liver dysfunction 


Most commonly occurring side It is recommended that 


liver function tests be 
rformed during thera 
effects comparable to placebo perpesinuring therapy 
transaminase levels, including 
| ALT (SGPT), should be 
ZOCOR' ; 
(Simvastatin) Placebo monitored before treatment 

Adverse Effect (n=1,583) (n=157) begins, every 6 weeks for the 
first 3 months, every 8 weeks 


o 0 during the remainder of the 
Headache 3.5% 9.1% first year, and periodically 


- : thereafter (e.g., at 
Abdominal pain 3.2 a2 Sieroxlinetely 6-month 
Constipation 2.3 1.3 HUM 

Skeletal muscle | | 
Upper respiratory infection — 2.1 1.9 Myopathy should be considered in 
any patient with diffuse myalgias, 
~ muscle tenderness or weakness, 
Diarrhea 1.9 2.0 and/or marked elevation of CPK. 
Patients should be advised to 
Flatulence 1.9 L3 report promptly unexplained 

. muscle pain, tenderness, or 
Asthenia 1.6 2.9 weakness, particularly if 
accompanied by malaise or fever. 
Simvastatin therapy should be 
discontinued if markedly elevated 
Dyspepsia 1.1 CPK levels occur or if myopathy is 

diagnosed or suspected. 


Nausea 1.3 1.9 


Adverse experiences occurring at an incidence 2 1% in patients treated with ZOCOR 

in controlled clinical trials, regardless of causality. 

In controlled clinical trials and open extensions (n=2,423), 

Only 1.4% of patients were discontinued For a Brief Summary of Prescribing 


Information, please see the last 


due to a drug-related adverse event. page of this advertisement. 
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(SIMVASTATIN) 
ZOCOR is available in 5-mg, 10-mg, 
20-mg, and 40-mg tablet strengths. 


CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication. 

Active liver disease or unexplained persistent elevations of serum 
transaminases (see WARNINGS). 

Pregnancy and lactation. Atherosclerosis is a chronic process, and the 

discontinuation of lipid-lowering drugs during pregnancy should have little 
impact on the outcome of long-term therapy of primary hypercholesterolemia. 
Moreover, cholesterol and other products of the cholesterol biosynthesis 
pathway are essential components for fetal development, including synthesis 
of steroids and cell membranes. Because of the ability of HMG-CoA reductase 
inhibitors such as ZOCOR* (Simvastatin) to decrease the synthesis of 
cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, ZOCOR may cause fetal harm when administered to a pregnant 
woman. Therefore, simvastatin is contraindicated during pregnancy and in 
nursing mothers. Simvastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to 
conceive. || a patient becomes pregnant while taking this drug, simvastatin 
should be discontinued and the patient should be apprised of the potential 
hazard to the fetus. 
WARNINGS: Liver Dysfunction: Persistent increases (to more than 
3 times the upper limit of normal) in serum transaminases have 
occurred in 1% of patients who received simvastatin in clinical 
trials. When drug treatment was interrupted or discontinued in these 
patients, the transaminase levels usually fell slowly to pretreatment levels. 
The increases were not associated with jaundice or other clinical signs or 
symptoms. There was no evidence of hypersensitivity. 

it is recommended that liver function tests be performed during 
therapy with simvastatin. Serum transaminase levels, including 
ALT (SGPT), should be monitored before treatment begins, every 6 
weeks for the first 3 months, every 8 weeks during the remainder 
of the first year, and periodically thereafter (e.g., at approximately 
6-month intervals). Special attention should be paid to patients who 
develop elevated serum transaminase levels, and in these patients, 
measurements should be repeated promptly and then performed more 
frequently. If the transaminase levels show evidence of progression, 
particularly if they rise to 3 times the upper limit of normal and are persistent, 
the drug should be discontinued. Liver biopsy should be considered if 
elevations persist beyond the discontinuation of the drug. 

The drug should be used with caution in patients who consume 
Substantial quantities of alcohol and/or have a past history of liver disease. 
Active liver diseases or unexplained transaminase elevations are 
contraindications to the use of simvastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported 
following therapy with simvastatin. These changes appeared soon after 
initiation of therapy with simvastatin, were often transient, were not 
accompanied by any symptoms, and did not require interruption of treatment. 
Skeletal Muscle: Rare cases of rhabdomyolysis with acute renal failure 
secondary to myoglobinuria have been associated with simvastatin therapy. 
Rhabdomyolysis has also been associated with other HMG-CoA reductase 
inhibitors when they were administered alone or concomitantly with 1) 
immunosuppressive therapy, including cyclosporine in cardiac transplant 
patients; 2) gemfibrozil or lipid-lowering doses (21 g/day) of nicotinic acid in 
non-transplant patients; or 3) erythromycin in seriously ill patients. Some of 
the patients who had rhabdomyolysis in association with the reductase 
inhibitors had preexisting renal insufficiency, usually as a consequence of 
longstanding diabetes. In most subjects who have had an unsatisfactory lipid 
response to either simvastatin or gemfibrozil alone, the possible benefits of 
combined therapy with these drugs are not considered to outweigh the risk of 
severe myopathy, rhabdomyolysis, and acute renal failure. While it is not 
known whether this interaction occurs with fibrates other than gemfibrozil, 
myopathy and rhabdomyolysis have occasionally been associated with the use 
of other fibrates alone, including clofibrate. Therefore, the combined use of 
simvastatin with other fibrates should generally be avoided. 

Physicians contemplating combined therapy with simvastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs or symptoms of muscle pain, tenderness, or weakness, 
particularly during the initial months of therapy and during any periods of 
upward dosage titration of either drug. Periodic creatine phosphokinase (CPK) 
determinations may be considered in such situations, but there is no assurance 
that such monitoring will prevent the occurrence of severe myopathy. 

Because of an apparent relationship between myopathy and increased plasma 
levels of active metabolites derived from other HMG-CoA reductase inhibitors, 
the daily dosage should not exceed 10 mg/day in patients who are taking 
cyclosporine (see DOSAGE AND ADMINISTRATION in Prescribing Information). 

Simvastatin therapy should be temporarily withheld or 
discontinued in any patient who has an acute, serious condition 
Suggestive of a myopathy or who has a risk factor predisposing to 
the development of renal failure secondary to rhabdomyolysis 
(e.g., severe acute infection, hypotension, major surgery, trauma, 
severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures). 

Myopathy should be considered in any patient with diffuse myalgias, 

muscle tenderness or weakness, and/or marked elevation of CPK. Patients 
should be advised to report promptly unexplained muscle pain, tenderness, 
or weakness, particularly if accompanied by malaise or fever. Simvastatin 
therapy should be discontinued if markedly elevated CPK levels occur or if 
myopathy is diagnosed or suspected. 
PRECAUTIONS: General: Before instituting therapy with ZOCOR, an attempt 
should be made to control hypercholesterolemia with appropriate diet, exercise, 
and weight reduction in obese patients and to treat other underlying medical 
problems (see INDICATIONS AND USAGE in Prescribing Information). 

Simvastatin may cause elevation of CPK and transaminase levels (see 
WARNINGS and ADVERSE REACTIONS). This should be considered in the 
differential diagnosis of chest pain in a patient on therapy with simvastatin. 
Homozygous Familial Hypercholesterolemia: ZOCOR is less effective 
in patients with the rare homozygous familial hypercholesterolemia, 
possibly because these patients have few functional LDL receptors. 
Information for Patients: Patients should be advised to report promptly 
unexplained muscle pain, tenderness, or weakness. particularly if 
accompanied by malaise or fever 
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Antipyrine: Because simvastatin had no effect on the pharmacokinetics of 
antipyrine, interactions with other drugs metabolized via the same 
cytochrome isozymes are not expected. 

Propranolol: In healthy male volunteers, there was a significant decrease in 
mean Cmax, but no change in AUC, for simvastatin total and active inhibitors 
with concomitant administration of single doses of ZOCOR® (Simvastatin) and 
propranolol. The clinical relevance of this finding is unclear. The 
pharmacokinetics of the enantiomers of propranolol were not affected. 

Digoxin: Concomitant administration of a single dose of digoxin in healthy 
male volunteers receiving simvastatin resulted in a slight elevation (less than 
0.3 ng/mL) in digoxin concentrations in plasma (as measured by a 
radioimmunoassay) compared to concomitant administration of placebo and 
digoxin. Patients taking digoxin should be monitored appropriately when 
simvastatin is initiated. 

Warfarin: Simvastatin therapy appeared to enhance slightly the 
anticoagulant effect of warfarin (mean changes in prothrombin time less than 
2 seconds) in normal volunteers maintained in a state of low therapeutic 
anticoagulation. With other reductase inhibitors, clinically evident bleeding 
and/or increased prothrombin time has been reported in a few patients taking 
coumarin anticoagulants concomitantly. In such patients, prothrombin time 
should be determined before starting simvastatin and frequently enough 
during early therapy to insure that no significant alteration of prothrombin time 
occurs. Once a stable prothrombin time has been documented, prothrombin 
times can be monitored at the intervals usually recommended for patients on 
coumarin anticoagulants. If the dose of simvastatin is changed, the same 
procedure should be repeated. Simvastatin therapy has not been associated 
with bleeding or with changes in prothrombin time in patients not taking 
anticoagulants. 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies, simvastatin was used concomitantly with 
angiotensin-converting-enzyme (ACE) inhibitors, beta blockers, calcium channel 
blockers, diuretics, and nonsteroidal anti-inflammatory drugs (NSAIDs) without 
evidence of clinically significant adverse interactions. The effect of cholestyramine 
on the absorption and kinetics of simvastatin has not been determined. 
Endocrine Function: HMG-CoA reductase inhibitors interfere with 
cholesterol synthesis and as such might theoretically blunt adrenal and/or 
gonadal steroid production. However, clinical studies have shown that 
simvastatin does not reduce basal plasma cortisol concentration or impair 
adrenal reserve and does not reduce basal plasma testosterone concentration 
(see CLINICAL PHARMACOLOGY, Clinical Studies in Prescribing 
Information). Another HMG-CoA reductase inhibitor has been shown to 
reduce the plasma testosterone response to HCG: the effect of simvastatin on 
HCG - stimulated testosterone secretion has not been studied. 

Results of clinical trials with drugs in this class have been inconsistent with 

regard to drug effects on basal and reserve steroid levels. The effects of HMG- 
CoA reductase inhibitors on male fertility have not been studied in adequate 
numbers of male patients. The effects, if any, on the pituitary-gonadal axis in pre- 
menopausal women are unknown. Patients treated with simvastatin who develop 
Clinical evidence of endocrine dysfunction should be evaluated appropriately. 
Caution should also be exercised if an HMG-CoA reductase inhibitor or other 
agent used to lower cholesterol levels is administered to patients who are also 
receiving other drugs (e.g., Ketoconazole, spironolactone, cimetidine) that may 
decrease the levels or activity of endogenous steroid hormones. 
CNS Toxicity: Optic nerve degeneration was seen in clinically normal dogs 
treated with simvastatin for 14 weeks at 180 mg/kg/day, a dose that 
produced mean plasma drug levels about 44 times higher than the mean 
drug level in humans taking 40 mg/day. 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular 
fibrin deposits, and necrosis of small vessels, were seen in dogs treated 
with simvastatin at a dose of 360 mg/kg/day, a dose that produced plasma 
drug levels that were about 50 times higher than the mean drug levels in 
humans taking 40 mg/day. Similar CNS vascular lesions have been 
observed with several other drugs of this class. 

A chemically similar drug in this class also produced optic nerve 

degeneration (Wallerian degeneration of retinogeniculate fibers) in Clinically 
normal dogs in a dose-dependent fashion starting at 60 mg/kg/day, a dose 
that produced mean plasma drug levels about 30 times higher than the 
mean drug level in humans taking the highest recommended dose (as 
measured by total enzyme inhibitory activity). This same drug also produced 
vestibulocochlear Wallerian-like degeneration and retinal ganglion cell 
chromatolysis in dogs treated for 14 weeks at 180 mg/kg/day, a dose that 
resulted in a mean plasma drug level similar to that seen with the 
60 mg/kg/day dose. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: n a 72-week 
carcinogenicity study, mice were administered daily doses of simvastatin of 
25, 100, and 400 mg/kg body weight, which resulted in mean plasma drug 
levels approximately 3, 15, and 33 times higher than the mean human 
plasma drug concentration (as total inhibitory activity) after a 40-mg oral 
dose. Liver carcinomas were significantly increased in high-dose females 
and in mid- and high-dose males, with a maximum incidence of 90% in 
males. The incidence of adenomas of the liver was significantly increased in 
mid- and high-dose females. Drug treatment also significantly increased the 
incidence of lung adenomas in mid- and high-dose males and females. 
Adenomas of the Harderian gland (a gland of the eye of rodents) were 
significantly higher in high-dose mice than in controls. No evidence of a 
tumorigenic effect was observed at 25 mg/kg/day. Although mice were given 
up to 500 times the human dose (HD) on a mg/kg body weight basis, blood 
levels of HMG-CoA reductase inhibitory activity were only 3 to 33 times 
higher in mice than in humans given 40 mg of ZOCOR. 

In a separate 92-week carcinogenicily study in mice at doses of up to 
25 mg/kg/day, no evidence of a tumorigenic effect was observed Although 
mice were given up to 31 times the human dose on a mg/kg basis, plasma 
drug levels were only 2 to 4 times higher than in humans given 40 mg 
simvastatin as measured by AUC. 

In a 2-year study in rats, there was a statistically significant increase in the 
incidence of thyroid follicular adenomas in female rats exposed to 
approximately 45 times higher levels of simvastatin than humans given 40 mg 
simvastatin (as measured by AUC). Preliminary results from a second 2-year 
rat study indicate an increase in the incidence of thyroid and liver tumors in 
male and female rats at doses that produce exposure levels 229 times 
(based on AUC) those achieved in humans at a dosage of 40 mg/day. Liver 
tumors are found in rodents with all the chemically similar drugs of this 
class. No increased incidence of tumors was observed at doses that 
produce exposure levels 15 times (based on AUC) those seen in man. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an in vitro alkaline elution assay using rat 
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chromosome aberration study in CHO cells, or an in vivo chromosom: 
aberration assay in mouse bone marrow. 

There was decreased fertility in male rats treated with simvastatin for 34 week 
at 25 mg/kg body weight (15 times the maximum human exposure level, base 
on AUC, in patients receiving 40 mg/day); however, this effect was not observe 
during a subsequent fertility study in which simvastatin was administered at thi 
same dose level to male rats for 11 weeks (the entire cycle of spermalogenesi 
including epididymal maturation). No microscopic changes were observed in th 
testes of rats from either study. At 180 mg/kg/day (which produces exposur 
levels 44 times higher than those in humans taking 40 mg/day), seminiferou 
tubule degeneration (necrosis and loss of spermatogenic epithelium) wa 
observed. In dogs, there was drug-related testicular atrophy, decrease: 
spermatogenesis, spermatocytic degeneration, and giant cell formation 
10 mg/kg/day (approximately 7 times the human exposure level, based on AUC 
at 40 mg/day). The clinical significance of these findings is unclear. 
Pregnancy: Pregnancy Category X See CONTRAINDICATIONS. 

Safety in pregnant women has not been established. Simvastatin was nc 
teratogenic in rats at doses of 25 mg/kg/day or in rabbits at doses of up t 
10 mg/kg daily. These doses resulted in 6 times (rat) or 4 times (rabbit) th 
human exposure based on mg/m’ surface area. However, in studies will 
another structurally related HMG-CoA reductase inhibitor, skeleta 
malformations were observed in rats and mice. Simvastatin should bi 
administered to women of childbearing potential only when such patients an 
highly unlikely to conceive and have been informed of the potential hazards. | 
à woman becomes pregnant while taking simvastatin, it should bi 
discontinued and the patient should be advised again as to the potentia 
hazards to the fetus. 

Nursing Mothers: \t is not known whether simvastatin is excreted it 
human milk. Because a small amount of another drug in this class is 
excreted in human milk and because of the potential for serious adverst 
reactions in nursing infants, women taking simvastatin should not nurse 
their infants (see CONTRAINDICATIONS). 

Pediatric Use: Satety and effectiveness in children and adolescents have 
not been established. Because children and adolescents are not likely tc 
benefit from cholesterol lowering for at least a decade and becaust 
experience with this drug is limited (no studies in subjects below the age o 
20 years), treatment of children or adolescents with simvastatin is nol 
recommended at this time. 

ADVERSE REACTIONS: In the controlled clinical studies and their oper 
extensions (2423 patients with mean duration of follow-up of approximately 
18 months), 1.496 of patients were discontinued due to adverse experiences 
attributable to ZOCOR* (Simvastatin). Adverse reactions have usually beer 
mild and transient. ZOCOR has been evaluated for serious adverse reactions 
in more than 21,000 patients and is generally well tolerated. 

Clinical Adverse Experiences: Adverse experiences occurring at an 
incidence of 1% or greater in patients treated with ZOCOR, regardless ol 
causality, in controlled clinical studies are shown in the table below: 


ZOCOR Placebo Cholestyramine Probucol 
(N-1,583)  (N-157) . (N-179) (N-81) 
Body as a Whole 
Abdominal pain 3.296 3.2% 8.9% 2.5% 
Asthenia 16 25 1.1 1.2 
Gastrointestinal 
Constipation 23 13 29.1 12 
Diarrhea 19 25 78 37 
Dyspepsia 11 —- 4.5 3.7 
Flatulence 1.9 13 14.5 6.2 
Nausea 13 19 10.1 25 
Nervous System/Psychiatric 
Headache 35 5.1 45 a7 
Respiratory 
Upper respiratory infection 2.1 1.9 3.4 6.2 


The following effects have been reported with drugs in this class: 

Skeletal: Myopathy, rhabdomyolysis, arthralgias. 

Neurological: Dystunction of certain cranial nerves (including alteration 
of taste, impairment of extraocular movement, facial paresis), tremor, 
vertigo, memory loss, paresthesia, peripheral neuropathy, peripheral nerve 
palsy, anxiety, insomnia, depression. 

Hypersensitivity Reactions: An apparent hypersensitivity syndrome has 
been reported rarely which has included one or more of the following features: 
anaphylaxis, angioedema, lupus erythematous -like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic 
anemia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, 
photosensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal 
necrolysis, erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: Pancreatitis; hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver, and, rarely, cirrhosis, fulminant 
hepatic necrosis, and hepatoma; anorexia: vomiting. 

Skin: Alopecia. 

Reproductive: Gynecomastia, loss of libido, erectile dysfunction. 

Eye: Progression of cataracts (lens opacities), ophthalmoplegia. 

Laboratory Abnormalities: Elevated transaminases, alkaline phosphatase, 
and bilirubin; thyroid function abnormalities. 

Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS, Liver Dysfunction). About 5% of patients 
had elevations of CPK levels of 3 or more times the normal value on one or 
more occasions. This was attributable to the noncardiac traction of CPK. 
Muscle pain or dysfunction usually was not reported (see WARNINGS, 
Skeletal Muscle). 

Concomitant Therapy: \n controlled clinical studies in which simvastatin 
was administered concomitantly with cholestyramine, no adverse reactions 
peculiar to this concomitant treatment were observed. The adverse reactions 
that occurred were limited to those reported previously with simvastatin or 
cholestyramine. The combined use of simvastatin with fibrates should 
generally be avoided (see WARNINGS, Skeletal Muscle). 
OVERDOSAGE: Significant lethality was observed in mice after a single 
oral dose of 9 g/m’. No evidence of lethality was observed in rats or dogs 
treated with doses of 30 and 100 g/m’, respectively. No specific diagnostic 
Signs were observed in rodents. At these doses, the only signs seen in dogs 
were emesis and mucoid stools. 
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Right Ventricular Overload and Induced 
Sustained Ventricular Tachycardia in Operatively 
“Repaired” Tetralogy of Fallot 


Pierre Y. Marie, MD, Francois Marcon, MD, Francois Brunotte, MD, Serge Briançon, MD, 
Nicolas Danchin, MD, Anne M. Worms, MD, Jacques Robert, MD, and Claude Pernot, MD 





The aim of the study was to evaluate the main pre- 
dictors of the inducibility of sustained ventricular 
tachycardia (VT) in patients with repaired tetral- 
ogy of Fallot. Thirty-five patients (age 12 + 6 
years) underwent right-sided cardiac catheteriza- 
tion, echocardiography, radionuclide angiography 
and ventricular stimulation; 10 had (group 1) and 
25 had no (group 2) sustained VT. Group 1 pa- 
tients were significantly older at the time of sur- 
gery and had longer follow-up periods (7 + 3 vs 4 
+ 4 years, p <0.02; and 12 + 4vs 5 + 2 years, p 
<0.001, respectively). Right ventricular (RV) sys- 
tolic pressure, end-systolic and end-diastolic nor- 
malized RV volumes were higher in group 1 (48 + 
14 vs 38 + 11 mm Hg, p <0.05; 1.23 + 0.2 vs 
0.86 + 0.17, p <0.001; and 2.35 + 0.37 vs 1.70 
+ 0.22, p <0.001, respectively). RV end-diastolic 
pressure, left ventricular and RV ejection frac- 
tions were similar in the 2 groups. A stepwise dis- 
criminant analysis was made to predict patients 
with inducible sustained VT (group 1): Time peri- 
od from surgery to follow-up (p <0.001), normal- 
ized RV end-systolic volume (p <0.002) and RV 
systolic pressure (p = 0.01) were higher in group 
1 and allowed classification of 90% of patients in 
group 1 and 96% in group 2. Although a longer 
time from surgery was a major predictor of induc- 
ible sustained VT, the presence of either RV sys- 
tolic barometric or volumetric overload was also 
an important independent predictor, which sug- 
gests that increased RV systolic wall stress may 
be an essential determinant of sustained VT induc- 
ibility. 

(Am J Cardiol 1992;69:785-789) 
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risk of sudden death. Its incidence varies from 1 to 

5%,'-4 and the development of a malignant ven- 
tricular arrhythmia is now considered to be its essential 
mechanism.?-6 Patients at risk for syncope and sudden 
death may be identified by routine electrocardiogram, 
24-hour electrocardiogram or treadmill test.°* The in- 
ducibility of ventricular tachycardia (VT) during pro- 
grammed ventricular stimulation is frequently associ- 
ated with a history of syncope and with the presence of 
ventricular premature complexes on Holter monitor- 
ing.^!9 Ventricular stimulation frequently reproduces 
spontaneous ventricular arrhythmias and may be used 
as a screening procedure in the selection of antiarrhyth- 
mic drug therapy.!! 

The frequency of ventricular arrhythmias identified 
by routine electrocardiogram, Holter or treadmill test- 
ing increases with age at surgery, duration of postsurgi- 
cal follow-up and when a significant left or right ven- 
tricular (RV) dysfunction is present.7.!?-1^ However, 
the importance of left or RV dysfunction on the results 
of programed ventricular stimulation remains unclear. 
The purpose of this study was to evaluate, using radio- 
nuclide ventriculography and right-sided cardiac cathe- 
terization, the main predictors of the inducibility of a 
sustained VT after repair of tetralogy of Fallot. 


p atients with repaired tetralogy of Fallot are at 


METHODS 

Patients: The study group consisted of 35 patients 
(16 women and 19 male patients) aged 4 to 28 years 
(mean 12 + 6) at the time of the study. Each one had 
undergone intracardiac repair of tetralogy of Fallot >2 
years previously. They represented all patients followed 
up at our institution in whom informed consent was ob- 
tained, from parents or from themselves, for the electro- 
physiologic and the radionuclide studies. Each one had 
undergone equilibrium radionuclide ventriculography, 
echocardiography and catheterization of the right-sided 
cardiac structures including an hemodynamic and an 
electrophysiologic study. Only 2 patients had a docu- 
mented history of sustained VT. According to the re- 
sults of programed ventricular stimulation, the popula- 
tion was divided into 2 groups: Group 1 consisted of 10 
patients with inducible sustained VT, and group 2 con- 
sisted of the 25 remaining patients. No patient in either 
group had a residual ventricular septal defect with pul- 
monary to systemic flow ratio (QP/QS) >1.5. 

Electrophysiologic studies were performed in the 
postabsorptive state, immediately after having recorded 
the right-sided cardiac pressures. All antiarrhythmic 
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VT = ventricular tachycardia. 


medications were discontinued for 25 half-lives before 
testing. Patients were premedicated with pethidine (2 
mg/kg), chlorpromazine (0.6 mg/kg) and prometha- 
zine (0.6 mg/kg) and sedated throughout the study 
with these same drugs. Two or 3 electrode catheters 
were inserted percutaneously in the femoral veins and 
positioned in the right atrium, across the tricuspid valve, 
at the His bundle site and at the RV apex. Single, dou- 
ble then triple ventricular premature extrastimuli were 
introduced into sinus rhythm and after 8 beats of ven- 
tricular-paced rhythm at a cycle length of 600 and then 
400 ms. Burst pacing was performed at cycle lengths of 
400 to 240 ms. If VT was not inducible from the apex, 
the stimulation protocol was repeated from the infun- 
dibulum of the right ventricle. If triple ventricular ex- 
trastimulation and burst pacing from those 2 sites did 
not provoke VT, isoproterenol infusion was given and 
the same steps were repeated. Nonsustained VT was de- 
fined as an episode lasting from 3 beats up to 30 sec- 
onds, and sustained VT as lasting >30 seconds or re- 
quiring termination because of hemodynamic compro- 
mise. If sustained VT was induced, no further attempts 
were made to induce arrhythmias. A 24-hour ambulato- 
ry electrocardiogram was recorded in 91% of patients 
(n = 32). 

Echocardiograms were obtained from a standard 
precordial position using a mechanical sector scanner 
(ATL MK 600). After identification of the cardiac 
structures with 2-dimensional imaging, M-mode echo- 
graphic measurements of the left ventricular transverse 
dimensions were obtained at end-diastole and at end- 
systole, with the ultrasound beam passing through the 
left ventricle, slightly below the tips of the mitral valve 
leaflets.'° Three consecutive measurements were ob- 
tained and averaged. The transverse dimensions of the 
left ventricle at end-diastole were related to body sur- 
face area and expressed as a percentage of the normal 
values contained in the distribution curves published by 
Epstein et al.!7 

Equilibrium radionuclide angiography: As previous- 
ly described,'*® multiple-gated equilibrium radionuclide 
studies were performed with human albumin labeled 
with 14.8 MBq/kg technetium-99m and injected into a 
brachial vein. Electrocardiogram-gated equilibrium ra- 


dionuclide angiography was performed in the supine po- 
sition with a gamma camera Acti CGR interfaced to an 
Informatek computer system. The camera head was po- 
sitioned to maximize ventricular separation, using a 40? 
to 75? left anterior oblique orientation and 10? to 15? 
caudal tilt. Sixteen frames were obtained from the car- 
diac cycle. The average frame contained about 200,000 
counts and each view took approximately 6 minutes to 
perform. The limits of left and right ventricles at end- 
systole and end-diastole were drawn manually.!8-2! Be- 
cause the limit between RV and right atrial lateral bor- 
ders was sometimes difficult to determine, for purpose 
of standardization, it was considered to be tangential to 
the upper limit of the left ventricle and perpendicular to 
the interventricular septum. A background region was 
drawn to the left ventricular systolic region of interest. 
The operator was unaware of other investigations. Right 
and left ventricular ejection fractions were calculated. 
RV diastolic and systolic volumes were both expressed 
as ratios to left ventricular end-diastolic volume with 
the use of background-corrected count ratio (normal- 
ized RV volumes). 

Statistical analysis: Data from groups 1 and 2 were 
expressed as mean + standard deviation and compared 
by Student's unpaired ¢ tests for continuous variables 
and by Fisher's exact test for discrete variables. A p 
value «0.05 was considered indicative of a significant 
difference. To evaluate the main factors that character- 
ized patients in group 1, variables from the univariate 
analysis were examined with a stepwise discriminant 
analysis (BMDP statistical software). Age at surgery, 
time from surgery, right and left radionuclide ventricu- 
lar ejection fractions, normalized end-diastolic and end- 
systolic RV volumes, systolic and end-diastolic RV pres- 
sures were entered into the initial model and removed 
stepwise at a p value of 0.05. 


RESULTS 

Electrophysiologic study: Ten patients (group 1) 
had an inducible sustained VT (Table I). This VT was 
always monomorphic. In 8 patients VT occurred during 
stimulation at the RV apex and in 2 at the RV infun- 
dibulum. In 1 patient it was induced with 2 premature 
extrastimuli into sinus rhythm. The use of a third extra- 
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TABLE II Results of 24-Hour Ambulatory Electrocardiographic 
Monitoring 


Group 2 
(n = 22) 


Group 1 
(n = 10) 


7 (32%) 
10 (45%) 
3 (14%) 
2 (9%) 
0 (0%) 
5 (23%) 


Normal 

Uniform VPC <10/hour 
Uniform VPC > 10/hour 4 (40%) 
CP/multiform VPC 2 (20%) 
VT 0 (0%) 
Frequent or complex VPC 6 (60%)* 


1 (10%) 
3 (30%) 


*p <0.05, Fisher's exact test. 

CP = couplet; Group 1 = patients with inducible sustained ventricular tachycardia; 
Group 2 = patients without inducible sustained ventricular tachycardia; VPC = 
ventricular premature complexes; VT = ventricular tachycardia. 


stimulus into paced ventricular rhythm was necessary 
to induce sustained VT in 9 patients. Induction of the 
VT was always obtained without isoproterenol infusion. 
Both patients with a documented history of VT were in 
group 1. No sustained VT was induced in the 25 group 
2 patients. Although nonsustained VT was frequently 
observed before the induction of a sustained episode, it 
was observed in only 1 group 2 patient. 

Of the 32 patients (91%) who underwent 24-hour 
ambulatory electrocardiography (Table II), couplets, 
multiform, or >10 uniform ventricular premature com- 
plexes per hour occurred in 11 patients (34%) and were 
more frequently observed in group 1 (60 vs 23%, p 
<0.05). 

Univariate analysis (Table Ill): TIMING OF SURGERY 
AND DURATION OF FOLLOW-UP: The duration of follow-up 
was significantly longer in group 1 than in group 2 (12 
+ 4 vs 5 +2 years, p <0.001). Patients in group 1 were 
also significantly older at the time of surgery (7 + 3 vs 
4 + 4 years, p <0.02) and at the time of the study (20 
+ 5 vs 9 + 4 years, p <0.001). 

TECHNIQUE OF SURGICAL REPAIR: Previous palliative 
surgery had been performed in 6 patients from group 1 
and in 8 from group 2 (Blalock-Taussig shunt, 13; Wa- 
terston shunt, 1). Repair involved right ventriculotomy 
in all patients except 1 in group 2 whose repair was 
performed through the tricuspid and pulmonary valves. 
Infundibulectomy was usually associated with an out- 
flow tract or transannular patch, or both except for 3 
patients in group 2. 

HEMODYNAMIC PRESSURE MEASUREMENTS: RV systolic 
pressure was higher in group 1 (48 + 14 vs 38 + 11 mm 
Hg, p <0.05). End-diastolic pressure was not signifi- 
cantly different (group 1, 6 + 2 mm Hg vs group 2, 6 + 
3 mm Hg, p = not significant [NS]). 

ECHOGRAPHIC MEASUREMENTS: Left ventricular end- 
diastolic dimensions were similar in the 2 groups and 
close to normal (group 1, 103 + 7%; group 2, 103 + 
8%). 

RADIONUCLIDE MEASUREMENTS: No difference was 
found between groups | and 2 when considering left and 
RV ejection fractions (0.64 + 0.10 vs 0.66 + 0.08 
[p = NS]; and 0.47 + 0.10 vs 0.49 + 0.10 [p = NS], 
respectively). By contrast, normalized RV end-diastolic 
and end-systolic volumes were significantly higher in 





TABLE Iii Results of Univariate Analysis 


Group 2 
(n = 25) 


Group 1 


(n = 10) p Value 


Clinical data 
Time from surgery 
(yr) 
Age at surgery (yr) 
Age at time of study 
(yr) 
LV function 
End-diastolic dimen- 
sion (%) 
Ejection fraction 
RV function 
Systolic pressure 
(mm Hg) 
End-diastolic pres- 
sure (mm Hg) 
Ejection fraction 
Normalized end- 
systolic volume 
Normalized end- 
diastolic volume 


0.66 + 0.08 


38 +11 


6+3 


0.47 + 0.10 
1.23 + 0.20 


0.49 + 0.10 
0.86 + 0.17 


2.35 € 0.37 1.70+0.22 


Variables are expressed as mean + SD. 

Group 1 = patients with inducible sustained monomorphic ventricular tachycardia; 
Group 2 = patients without inducible sustained monomorphic ventricular tachycardia; 
LV = left ventricular; NS = not significant; RV = right ventricular. 





group 1 (2.35 + 0.37 vs 1.70 + 0.22, p <0.001; and 
1.23 + 0.20 vs 0.86 + 0.17, p <0.001, respectively). 

Stepwise discriminant analysis: Three variables pre- 
dictive of the inducibility of a sustained VT were select- 
ed stepwise by the multivariate analysis: time from sur- 
gery (p <0.001), normalized RV end-systolic volume (p 
<0.002), and RV systolic pressure (p = 0.01). The use 
of these 3 parameters allowed one to predict the induc- 
ibility of sustained VT in 90% of patients in group 1 and 
its absence in 96% of patients in group 2. 


DISCUSSION 

Electrophysiologic study: Although this study was 
performed in unselected patients among whom only 2 
had a documented history of sustained VT, the rate of 
inducible sustained VT was very high (28%), a finding 
in contrast with previous reports.?!? However, with the 
use of triple extrastimuli, our stimulation protocol was 
more aggressive than those used previously. In adults, 
the use of such a protocol increases the sensitivity but 
decreases specificity for the induction of a sustained 
VT.2223 A recent multicenter study in patients with re- 
paired tetralogy of Fallot has shown a similar increase 
in the occurrence of induced VT when triple extrastim- 
uli were performed.!? 

Time-related parameters: After complete surgical 
repair of tetralogy of Fallot, the frequency of ventricu- 
lar arrhythmias identified by routine electrocardiogram, 
24-hour electrocardiogram or treadmill testing increases 
with both duration of follow-up and age at time of sur- 
gery.®7:!2-14 [n a previous multicenter report, the induc- 
ibility of VT was also significantly related to older age 
at repair and increased follow-up intervals.!? In our pa- 
tients, both factors were related to the inducibility of 
sustained VT, but multivariate analysis suggested that 
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the time period from surgery to follow-up was the most 
important predictor. This finding is in agreement with a 
study by Garson et al® on the incidence of ventricular 
premature complexes; however, Walsh et al24 found a 
very low incidence of ventricular arrhythmias during 
Holter monitoring in patients who underwent surgery at 
«18 months of age. In our study, age at surgical repair 
and duration of follow-up were closely linked (higher 
proportion of younger patients underwent surgery dur- 
ing the last years) so that their respective roles remain 
difficult to ascertain. 

Ventricular function: Measurements of left ventricu- 
lar ejection fraction using radionuclide angiography 
were always similar to the normal values in our institu- 
tion,?! but a study by Burns et al, performed in older 
patients, showed that ventricular arrhythmias might oc- 
cur more frequently in patients with lower left ventricu- 
lar ejection fractions. 

In previous studies, higher systolic RV pressures 
were more frequently observed in patients with ventric- 
ular premature complexes on the electrocardiogram, on 
exercise testing and on 24-hour ambulatory monitor- 
ing.^67.!^ Sustained or nonsustained VT was also more 
frequently induced when high systolic RV pressures 
were present.?!? Similar results were observed in our 
study because patients with an inducible sustained VT 
had higher RV systolic pressures. 

Radionuclide angiography provides valuable infor- 
mation, independently of age, on the importance of RV 
enlargement. Left ventricular end-diastolic dimensions 
measured with echography and related to body surface 
area were close to the normal values published by Ep- 
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NORMALIZED RV END-SYSTOLIC VOLUME 





FIGURE 1. Right ventricular (RV) systolic pressure and end- 
systolic normalized right ventricular volume in patients with 
(closed circles) and without (open circles) inducible sustained 
ventricular tachycardia. 


stein et al." According to the close correlation existing 
between these dimensions and the angiographic volume 
of the left ventricle at end-diastole, in normal children? 
and in those with repaired tetralogy of Fallot,26 left ven- 
tricular end-diastolic volumes were normal in our pa- 
tients. Left ventricular end-diastolic volume was then 
considered in each patient as a standard unit so that 
both RV end-systolic and end-diastolic volumes were 
expressed as ratios to left ventricular end-diastolic vol- 
ume with the use of background-corrected count ratios 
(normalized RV volumes). Equilibrium radionuclide 
angiography permits measurements independent from 
the RV shape. Right atrial and ventricular activity can 
generally be separated by carefully positioning the gam- 
ma camera.!5-?! The procedure provides a satisfactory 
inter and intraobserver reproducibility and has been 
proposed for the evaluation of atrial septal defect.!5 In 
addition, the normalized RV volumes are independent 
of age variations. We found that the normalized RV 
volumes at end-systole and at end-diastole were signifi- 
cantly higher in patients with inducible sustained VT 
(Table III). However, only the end-systolic volume was 
selected during the stepwise analysis. 

The only 2 cardiac functional parameters selected 
during the discriminant analysis were RV systolic pa- 
rameters: end-systolic volume and systolic pressure. An 
increase in systolic pressure and an enlargement of the 
ventricle during systole are the 2 main factors increas- 
ing systolic wall stress. In addition, previous studies on 
the left ventricle have demonstrated that increased SyS- 
tolic wall stress decreases subendocardial perfusion, in- 
creases myocardial oxygen consumption?" and induces 
significant ventricular arrhythmias.?? All of our patients 
with inducible sustained VT had an important RV sys- 
tolic barometric or volumetric overload (Figure 1). 
Therefore, increased RV systolic wall stress could be an 
essential determinant of the induction of sustained VT. 

In contrast, 3 group 2 patients had no inducible sus- 
tained VT despite significant RV systolic dysfunction 
(Figure 1). It is therefore likely that other triggering 
mechanisms may exist such as the progressive develop- 
ment of focal fibrosis creating reentrant circuits for 
VT.?? However, the determinant role of RV overload, 
as opposed to that of a decreased RV ejection fraction, 
could lead to important practical consequences, since 
certain factors contributing to RV overload (pulmonary 
stenosis, valvular insufficiency?!) can often be corrected. 

Prognostic implications: Induction of a sustained 
VT, especially of the monomorphic type, is generally 
considered indicative of the presence of an arrhythmic 
substrate or pathway,?? but its significance remains un- 
clear in children. An increased risk of sudden death has 
been demonstrated in patients with repaired tetralogy of 
Fallot who had ventricular arrhythmias during routine 
electrocardiography, and Holter or treadmill testing.- 
However, in a recent multicenter study, sudden death 
was not associated with a previously inducible VT, but 
the stimulation protocol did not include triple extrastim- 
uli in 85% of patients.!? In our study, triple extrastimuli 
were necessary to induce sustained VT in both patients 
with a history of spontaneous sustained VT, which 
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strongly suggests that the use of an aggressive stimula- 
tion protocol is necessary in such patients. On the other 
hand, the significance of this inducibility in patients 
without clinical episodes of VT is currently unknown. 
However, frequent or complex ventricular premature 
beats on Holter monitoring, which are established 
markers of an increased risk of sudden death in such 
patients,* were much more frequent in group 1. Only a 
longer follow-up study will permit one to establish 
whether induction of sustained VT can predict the risk 
of subsequent spontaneous VT or sudden death, or 
whether it primarily reflects the importance of RV dys- 
function. 


Acknowledgment: We are grateful for the assistance 
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Extracorporeal Life Support in Cyanotic 
Congenital Heart Disease Before 
Cardiovascular Operation 


Nicole M. Hunkeler, MD, Charles E. Canter, MD, Ann Donze, RN, and Thomas L. Spray, MD 


cust EE Sce s OUI E 
From July 1988 to March 1991, extracorporeal 


membrane oxygenation (ECMO) was used in 8 in- 
fants (newborn to 16 months old) with unoperated 
cyanotic congenital heart disease and cardiopul- 
monary collapse, associated with hypercyanotic 
spells (4 infants), pulmonary hypertensive crises 
(3) and sepsis (1). Indications for ECMO support 
were arterial saturations <60% accompanied by 
hypotension and metabolic acidosis unresponsive 
to mechanical ventilation with 10096 oxygen, pa- 
ralysis and sedation, and pharmacologic support 
with inotropes or vasodilators, or both. Venoarte- 
rial bypass by carotid/jugular cannulation with 
flow rates of 100 to 840 ml/kg/min (mean 460) 
stabilized all patients. Duration of ECMO support 
ranged from 15 to 840 hours and was associated 
with transient seizures (1 patient) and renal fail- 
ure (1). Seven patients underwent palliative (3 pa- 
tients) or corrective (4) surgical procedures while 
on ECMO or within 48 hours of decannulation, in- 
cluding 1 patient bridged to double-lung trans- 
plantation with a long (840 hours) duration of 
ECMO. There was 1 operative and 2 late (^1 
month after decannulation) deaths, for an overall 
survival rate of 6296. These 5 survivors all have 
normal growth and development, and patent neck 
vessels at the site of cannulation. These early re- 
sults indicate that ECMO can be effective mechan- 
ical support in cardiovascular crises untreatable 
with maximal conventional medical therapy and 
can be used as a bridge to successful surgical pal- 
liation or repair. 

(Am J Cardiol 1992;69:790-793) 
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has become an important therapeutic tool in the 

treatment of life-threatening respiratory failure 
in infants.! Its use in infants with congenital heart dis- 
ease before repair has been controversial, with isolated 
reports of success.?? The use of ECMO for the treat- 
ment of low cardiac output after corrective or palliative 
surgery for congenital heart disease^ led us to hypoth- 
esize that ECMO may be useful during the preopera- 
tive period in cardiopulmonary emergencies associated 
with congenital heart disease unresponsive to traditional 
medical therapy. Between July 1988 and March 1991, 
ECMO was used to treat 145 infants and children at 
our institution. Forty-one patients (28%) had congenital 
heart disease, and 8 of these (5%) had cyanotic congeni- 
tal heart disease and were placed on ECMO before any 
surgical intervention. We report here our experience 
with these 8 patients. 


Eo membrane oxygenation (ECMO) 


METHODS 

Patient cohort: The 8 patients ranged in age from 
newborn to 16 months (median 10 days). Anomalies in- 
cluded: tetralogy of Fallot (4 patients), complete trans- 
position of the great arteries (1), mixed supra- and in- 
fracardiac total anomalous pulmonary venous return 
(1), Ebstein's anomaly of the tricuspid valve (1), and 
patent ductus arteriosus with a right-to-left ductal shunt 
and pulmonary vascular resistance equal to systemic 
levels (1). Diagnosis was obtained by 2-dimensional 
echocardiography with color flow mapping in 7 patients 
before ECMO therapy. The supracardiac anomalous 
pulmonary venous return of the left lung was deter- 
mined before ECMO in the patient with mixed total 
anomalous venous return, with infracardiac anomalous 
drainage of the right lung detected by angiography after 
ECMO decannulation. 

Extracorporeal membrane oxygenation technique: 
The ECMO circuit consisted of a 4-inch roller pump 
servoregulated by the venous return using a 0.8 m? Sci 
Med membrane oxygenator (Sci Med Life System, 
Inc., Minneapolis, MN) and heat exchanger. Activated 
clotting time was maintained between 200 to 220 sec- 
onds with heparin infusion. Venoarterial bypass was es- 
tablished with cannulation of the right carotid artery 
and internal jugular vein. 

ECMO flow was adjusted after cannulation to 
achieve arterial saturations 290%. Ventilatory rate, 
inspiratory pressure and inspired oxygen concentra- 
tion were reduced to 10 to 15 breaths/min, >20 mm 
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arterial oxygen saturations were «71596. In each case, 
the episode resulted in extreme arterial desaturations of 
20 to 50%, and metabolic acidosis. Progressive treat- 
ment with morphine, intubation with 100% oxygen, se- 
dation, paralysis and phenylephrine vasoconstriction did 
not terminate the episodes. ECMO was initiated within 
60 minutes after the decision to begin ECMO was 
made. Resolution of severe hypoxemia was immediate, 
and complete reversal of metabolic acidosis occurred 
within 4 hours in each patient. All patients were taken 
to surgery within 16 to 18 hours after the institution of 
ECMO. Three patients had complete intracardiac re- 
pair, and one 5-day-old underwent placement of a modi- 
fied Blalock-Taussig shunt, because of small pulmonary 
artery size. All patients were weaned from bypass in the 
operating room and were discharged from the hospital 


Hg and 40%, respectively. Inotropic agents and vasodi- 
lators were reduced or eliminated. If a patient was to be 
decannulated from ECMO before surgery, decannula- 
tion occurred when the patient had normal blood gases 
and blood pressure, with flow rates «100 ml/kg/min. 
Repair of the carotid artery and internal jugular vein 
was performed after decannulation. Patency of these 
vessels was assessed by vascular ultrasound with color 
flow mapping at the time of hospital discharge. Rou- 
tine assessment of growth and development occurred 
through periodic cardiology follow-up visits. 


RESULTS (Figures 1 and 2) 

Hypercyanotic spells: Four infants with severe te- 
tralogy of Fallot developed intractable hypercyanotic 
episodes after cardiac catheterization. Resting room air 
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FIGURE 1. Criteria for extracorporeal membrane oxygenation (ECMO) institution. Criteria were grouped into pre-ECMO status, 
hemodynamic and ventilatory parameters, and pharmacologic support. Note that criteria common to all patients were mechani- 
cal ventilation, sedation and paralyzation, oxygen (O2) saturations <60% on 100% forced inspiratory oxygen (F102), and inotro- 
pic support. BP = blood pressure. 


FIGURE 2. Outcome of 8 patients. Seven n=8 
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within 10 days after surgery. The shunted infant under- 
went successful complete tetralogy repair 10 months af- 
ter initial hospitalization. 

Elevation of pulmonary vascular resistance: The in- 
fant with total anomalous pulmonary venous return, 
and the one with Ebstein’s anomaly of the tricuspid 
valve both developed arterial oxygen saturations <50% 
within 12 hours of life. In both cases, persistent eleva- 
tion of pulmonary vascular resistance with right-to-left 
atrial shunting was inferred, because of the absence of 
echocardiographic and Doppler evidence of anatomic 
right ventricular outflow obstruction. The hypoxemia 
did not respond to mechanical ventilation with 100% 
oxygen, induction of alkalemia (blood pH >7.50), or 
vasodilators (isoproterenol, tolazoline or prostaglan- 
dins). The infant with Ebstein’s anomaly could not be 
weaned from ECMO after 14 days and died during tri- 
cuspid valve replacement. The infant with total anoma- 
lous venous return was successfully weaned from 
ECMO after 4 days and underwent successful repair 2 
days after decannulation. 

The 16-month-old infant with patent ductus arterio- 
sus was found to have a pulmonary vascular resistance 
index of 13 Wood units with right-to-left ductal shunt- 
ing by angiography. Profound hypoxemia (oxygen satu- 
ration <70%) developed after cardiac catheterization, 
which did not respond to mechanical ventilation, alkale- 
mia, paralysis and vasodilator therapy. ECMO was in- 
stituted after an episode of cardiac arrest. The infant 
was initially weaned from ECMO support after 6 days, 
but her condition deteriorated, and ECMO was reiniti- 
ated with simultaneous listing for lung transplantation. 
A donor lung was obtained after 14 days, and the child 
was successfully weaned from ECMO and ventilatory 
support, only to succumb to lymphoproliferative disease 
2 months after transplantation. 

Sepsis: The infant with D-transposition of the great 
vessels underwent elective Rashkind septostomy at 1 
day of age. Profound acidemia (arterial pH <7.0) with 
hypotension (systolic blood pressure 50 mm Hg) devel- 
oped within 4 hours after the Rashkind procedure. 
ECMO was begun 10 hours after cardiac catheteriza- 
tion. Twelve hours after ECMO was initiated, precathe- 
terization blood cultures grew heavy group B 8-hemo- 
lytic Streptococcus. The patient was decannulated after 
3 days and discharged, but did not survive a Senning 
procedure 3 months later. 

Complications and outcome: Three of the 8 patients 
had major or minor complications during ECMO. The 
infant with Ebstein's anomaly needed hemofiltration for 
renal failure during ECMO. One of the infants with 
tetralogy of Fallot had 1 seizure during ECMO, but has 
had no recurrences and has a normal CT scan of the 
brain. The patient with total anomalous pulmonary ve- 
nous return needed exploration of the neck for bleeding. 

The outcomes of our patients are summarized in 
Figure 2. Seven of the 8 patients were weaned from 
ECMO and discharged from the hospital. Five patients 
(63%; 67% confidence limits 39 to 75%) are long-term 
and current survivors. The long-term survival of infants 
placed on ECMO for respiratory problems without con- 


genital heart disease at our institution during the same 
period of time was 74% (67% confidence levels 70 to 
76%). These proportions of long-term survivors are not 
significantly different (Fisher’s exact test, p >0.05). 
Vascular ultrasonographic examinations after decannu- 
lation demonstrated patent right carotid arteries and in- 
ternal jugular veins in all 7 short-term surviving pa- 
tients. Growth and developmental milestones remain 
appropriate for age in all 5 long-term surviving patients. 


DISCUSSION 

Mechanical circulatory support in adults with in- 
tractable cardiovascular failure is an accepted therapeu- 
tic modality after cardiac surgery, and as a bridge to 
cardiac transplantation.^? Unrepaired congenital heart 
disease in the newborn has been a relative contraindica- 
tion to ECMO owing to concerns of the effects of 
ECMO on cardiac function.?!? The use of ECMO for 
shock of cardiogenic origin has been questioned because 
of concerns that ECMO maintains a high afterload and 
does not decompress the left ventricle. However, Kim- 
ball et al!! recently studied infants on ECMO with 
echocardiography and found that reductions in ejection 
phase indexes during bypass were reversible as bypass 
was reduced. 

Persistent elevation of postnatal pulmonary vascular 
resistance may complicate the course of infants with 
congenital heart disease, as well as the course of those 
with normal hearts. The rationale for using ECMO in 
our patients with elevated pulmonary vascular resis- 
tance was that these crises may be reversible with the 
support of partial bypass and either improve operative 
mortality or eliminate the need for surgical intervention. 
For infants with total anomalous pulmonary venous re- 
turn, operative mortality has been shown to be in- 
creased in the face of preoperative pulmonary hyperten- 
sive crises associated with pulmonary venous obstruc- 
tion.'* In infants with Ebstein's anomaly of the tricuspid 
valve, elevated pulmonary vascular resistance postnatal- 
ly may contribute to a functional pulmonary atresia. 
Whereas our infant with Ebstein’s anomaly did not sur- 
vive, 2 recent case reports??? showed that ECMO can be 
useful in this situation to support the patient until pul- 
monary vascular resistance decreases. 

Cardiac catheterization and angiography are known 
to precipitate fatal pulmonary hypertensive crises in old- 
er patients with pulmonary vascular disease.!? With the 
increasing use of lung transplantation as therapy for 
end-stage pulmonary vascular disease, our case demon- 
strates the feasibility of ECMO support as a palliative 
maneuver to bridge a patient to lung transplantation, 
provided that a suitable donor can be found within a 
limited amount of time. 

The 4 hypercyanotic spells treated with ECMO de- 
scribed here were especially severe (irreversible even 
with phenylephrine infusion). The reason for the sever- 
ity of the spells may be a combination of induced infun- 
dibular irritability, intravascular volume loss and the 
use of general anesthesia!^ with these catheterizations. 
Without the use of ECMO, the moribund condition of 
these 4 patients would have dictated an emergency pal- 
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liative shunt. The use of ECMO in this situation re- 
sulted in rapid stabilization and the avoidance in 3 of 
the 4 patients of a second operative procedure at à later 
date. 

The use of ECMO after surgery to palliate univen- 
tricular hearts with shunt-dependent pulmonary circula- 
tion has been problematical.® In this situation, arterial 
return may lead to pulmonary overcirculation, ineffec- 
tively unload the ventricle, and limit systemic flow. 
Thus, the use of ECMO for cardiac support in univen- 
tricular hearts remains questionable. However, as dem- 
onstrated in this series, ECMO can be an effective ther- 
apy in infants with biventricular hearts and potentially 
reversible cardiopulmonary failure unresponsive to con- 
ventional management in a number of cyanotic congeni- 
tal heart defects. In selected situations, use of ECMO 
before surgery may improve patient survival or elimi- 
nate the need for emergency palliative procedures in fa- 
vor of complete 1-stage intracardiac repair, or both. 


ADDENDUM 

Subsequent to submission of this manuscript, a new- 
born infant with complete transposition of the great ves- 
sels presented with shock and severe (pH <7.20) meta- 
bolic acidemia unresponsive to prostaglandin, inotrope 
and bicarbonate infusion. Institution of ECMO resulted 
in rapid resolution of the acidemia resulting in a subse- 
quent successful Rashkind septostomy and arterial 
switch procedure. The infant has had normal growth 
and development at 3 months of age. 
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MISCELLANEOUS 


Reappearance of a Normal Circadian Rhythm of 
Blood Pressure After Cardiac Transplantation 


Philippe van de Borne, MD, Marc Leeman, MD, Georges Primo, MD, 
and Jean-Paul Degaute, MD 


Twenty-four-hour blood pressure (BP) and heart 
rate profiles were recorded in 19 patients 1 and 7 
months after cardiac transplantation using nonin- 
vasive ambulatory monitors and were analyzed us- 
ing the periodogram method. These recordings 
were compared with those of control subjects 
matched for age, sex and daytime ambulatory BP. 
One month after transplantation, the nighttime de- 
crease in systolic and diastolic BPs were attenuat- 
ed in the patients as compared to the control sub- 
jects (p <0.001). The daily oral dose of predniso- 
lone was inversely correlated with the magnitude 
of the nighttime decreases in systolic and diastolic 
BPs (r = —0.47 and —0.53, p <0.05). In contrast, 
7 months after transplantation, the nighttime de- 
crease in systolic and diastolic BPs reappeared in 
the patients and was of similar magnitude as that 
in the control subjects. When the immunosuppres- 
sive regimens during the 2 periods of recordings 
were compared, the reduction in the daily oral 
dose of prednisolone administered to the patients 
7 months after transplantation was correlated 
with the observed increase in the day-night systol- 
ic and diastolic BP difference (r — 0.61, p «0.01 
and r = 0.51, p «0.05). 

Thus, data show the reappearance of normal 
circadian BP profiles in patients with long-term 
heart transplants, and suggest that glucocorticoid 
administration may contribute to the abnormal 
nocturnal BP profiles observed 1 month after 
transplantation. 

(Am J Cardiol 1992;69:794-801) 
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variations are characterized both in normoten- 

sive and in essential hypertensive patients by a 
diurnal increase and a nocturnal decrease.!2 In patients 
with heart transplants, abnormal circadian BP and 
HR patterns have been reported.3-5 However, the time 
course of these alterations is unknown because none of 
these studies performed a longitudinal follow-up of the 
patients with heart transplants. Moreover, the relative 
roles of cardiac denervation and immunosuppressive 
therapy in causing these abnormalities remains un- 
clear. Indeed, nocturnal increases in BP have also been 
reported in patients with autonomic dysfunction,’ in pa- 
tients with endogenous Cushing's syndrome and in sub- 
jects treated with exogenous glucocorticoids.5? The aim 
of the present longitudinal and prospective study was to 
define the evolution of the circadian BP and HR pat- 
terns in patients investigated 1 and 7 months after heart 
transplantation by using an analytic procedure specifi- 
cally designed for the quantitative characterization of 
24-hour rhythms.'®!! The patients were compared with 
healthy controls matched for age, sex and daytime BP. 


e blood pressure (BP) and heart rate (HR) 


METHODS 

Patients with heart transplants: Nineteen men aged 
54 + 2 years (mean + SEM) were included in the 
study. The indication for orthotopic transplantation was 
New York Heart Association class III or IV symptoms 
after coronary heart disease (n = 15), valvulopathy 
(n = 1) or disease of unknown origin (n = 3). The BP 
and HR recordings were first performed approximately 
1 month after transplantation (mean + SEM, 25 + 2 
days, range 15 to 37). At this time, patients were still 
hospitalized but were able to walk inside the hospital 
and to engage in social contacts. Moreover, all patients 
underwent routine 45-minute, 15 to 45 W treadmill and 
bicycle exercise on the day of the first ambulatory re- 
cording. At the time of the second ambulatory BP re- 
cording, i.e., 7 + 0.3 months (mean + SEM, range 5 to 
10) after transplantation, all patients were ambulant 
outpatients. Resting ejection fraction was measured by 
radionuclide angiography a few days before discharge 
and none showed evidence of heart failure when ambu- 
latory BP was recorded. Severity of rejection in endo- 
myocardial biopsy specimens was graded histological- 
ly,'2 and none of the ambulatory BP recordings were 
performed during acute, moderate or severe rejection 
episodes. Immunosuppression was achieved by combina- 
tion of cyclosporine, azathioprine and prednisolone. At 
l and 7 months after transplantation, respectively, 10 
and 16 of the 19 patients received antihypertensive 
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medications (nifedipine, nicardipine, diltiazem, enala- 
pril and furosemide). | 

Control group: The control group consisted of 19 
healthy male volunteers aged 54 + 3 years (mean + 
SEM) with a normal sleep-wake schedule. The ambula- 
tory BP recordings were begun in the control subjects 
after 4 consecutive nights of orientation to the hospital 
environment. During daytime hours, the control sub- 
jects were free to walk inside the hospital and were re- 
quired to take two 1-hour walks. Recumbency and naps 
were not allowed. Thus, all control subjects were active 
during the daytime and slept during the nighttime in 
the hospital setting when ambulatory BP and HR were 
recorded. Each volunteer was carefully matched to a 
heart-transplanted patient for sex, age and daytime am- 
bulatory BP recordings. The daytime BP level was de- 
fined as the mean of all ambulatory BP measurements 
from the time of awakening to the time of going to bed 
rather than by casual isolated recordings. 

Experimental protocol: The protocol was approved 
by the ethical committee of our institution. In all sub- 
jects, ambulatory BP and HR were recorded every 10 
minutes for 25 hours with a noninvasive ambulatory BP 
monitor (TM-2420, A & D Company Ltd., Tokyo, Ja- 
pan). Reliability checks of our devices were performed 
in 74 subjects before starting the study by concomitant 
casual BP auscultation with a T connection between the 
device used and a calibrated mercury sphygmomanom- 
eter. The agreement between the TM-2420 monitor and 
the mercury column systolic BP/diastolic BP determi- 
nations were within 5 mm Hg for 79%/70% and within 
10 mm Hg for 95%/92% of the BP readings (a result 
that could correspond to a B grade of the British Hyper- 
tension Society guidelines!?). Moreover, the differences 
between the 2 concomitant measurements were —2 + 
5.6 mm Hg (mean + SD) for systolic BP and —2 + 7.6 
mm Hg (mean + SD) for diastolic BP. Each individual 
was asked to complete a diary and to carefully note the 
time of going to bed and awakening. 

Statistical analysis: For all recordings, the first hour 
of measurement was not included in the statistical anal- 
ysis in order to eliminate possible artifacts related to the 
beginning of the experiment.!^ All measurements corre- 
sponding to a pulse pressure «15 mm Hg, or which rep- 
resented an isolated increase of >50% over the previous 
measurement, were considered technical artifacts and 
were deleted from the data set. Deleted data points were 
replaced by linear interpolations between the previous 
and following measurements. However, if 1 hour or 
more of recording was missing because of technical fail- 
ure, the subject was not included in the study. For each 
systolic and diastolic BP and HR profile, the nighttime 
mean was defined as the mean of all measurements ob- 
tained from the time of going to bed to the time of 
awakening. The daytime mean was defined as the mean 
of all other measurements. 

For each individual systolic and diastolic BP and 
HR profile, the overall 24-hour variation was quantified 
by building a best-fit curve based on periodogram calcu- 
lations, a statistical method extensively described else- 
where.!®!! This procedure provides a quantitative de- 
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scription of the long-term trends of the profiles, inde- 
pendently of sporadic short-term variations. Briefly, the 
periodogram method consists of fitting a sum of sinu- 
soid functions to the series of data and in selecting those 
that contribute significantly to the observed variation. 
The components found significant with a minimum p 
level of 95% are summed to build the best-fit curve. Be- 
cause the method aims at describing slow-varying prop- 
erties of the profile, only significant components with 
periods >6 hours are retained for inclusion in the best- 
fit curve. As a consequence, the model underlying the 
method has a maximum of 7 independent parameters 
and the best-fit pattern can be unimodal, bimodal (Fig- 
ure 1) or trimodal. The acrophases and nadirs are, re- 
spectively, the times of occurrence of maxima and mini- 
ma in the best-fit curve. The amplitude of the best-fit 
curve is defined as 50% of the difference between its 
maximum and its minimum and may be expressed in 
absolute measurement units (i.e., millimeters of mercu- 
ry or beats per minute; absolute amplitude) or as a per- 
centage of the 24-hour mean level (relative amplitude). 
The level of an acrophase (or nadir) is defined as the 
level of the best-fit curve at the time of occurrence of 
the acrophase (or nadir). 

The value and the timing of the major acrophase (or 
major nadir) correspond to those of the unique acro- 
phase (or nadir) in the unimodal profiles. In the bimod- 
al or trimodal profiles, the value and the timing of the 
major acrophase (or major nadir) correspond to those of 
the most pronounced acrophase (or nadir), or, if the 
acrophases (or nadirs) are of similar amplitude, to the 
mean of their values and timings. An extensive quanti- 
tative analysis of the 24-hour BP profiles in normal 
men!! demonstrated that the normal circadian pattern 
was characterized by a major daytime acrophase and a 
major nighttime nadir. 
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FIGURE 1. Twenty-four-hour systolic and diastolic blood 
pressure (BP) profiles in a control subject. Continuous lines 
the recorded ambulatory systolic (upper line) and 
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FIGURE 2. Transverse means, across subjects, 
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Statistical tests: Statistical evaluation was done us- 
ing paired or unpaired 2-tailed Student's t tests where 
appropriate and chi-square tests with Yate's correction 
for small samples.!5 Correlations were estimated using 
the Pearson coefficient. All results are expressed as 
mean + SEM. 


RESULTS 

Blood pressure: ONE MONTH AFTER HEART TRANS. 
PLANTATION: As a result of the matching procedure, the 
patients and the control subjects had similar daytime 
ambulatory systolic BP (129 + 4 vs 126 + 3 mm Hg) 
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and diastolic BP (80 + 2 vs 80 + 2 mm Hg). In con- 
trast, the nighttime systolic and diastolic BPs were high- 
er in patients than in control subjects (systolic BP, 129 
i4vs105 + 2mm Hg; diastolic BP, 80 + 2 vs 66 41 
mm Hg, p «0.0001) and consequently, the day-night 
difference in systolic and diastolic BP levels was re- 
duced in patients when compared with controls (systolic 
BP, 1 + 4 vs 21 + 2 mm Hg; diastolic BP, 0 + 3 vs 15 
+ 2 mm Hg, p <0.0001) (Figure 2, middle and left 
upper panels). 

Periodogram analysis revealed that the patients had 
heterogeneous 24-hour BP patterns (Figure 3). Exami- 
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of the 24-hour systolic and diastolic blood pressure and heart rate profiles in 19 
control subjects (left panel) and in 19 heart-transplanted (HTX) patients 1 (middle panel) and 7 (right panel) months after 
transplantation. Values reported are mean + SEM. 
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83 +2 87 +2 
p «0.01; tp «0.001; §p «0.0001, other not significant. 
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nation of the timings of the major acrophases and na- 
dirs indicated the existence of 2 distinct subgroups. The 
first group (group A, n = 8) exhibited all normal tim- 
ings of the major systolic and diastolic BP acrophases 
(range 12:35 to 17:00 and 12:15 to 14:30, respectively) 
and of the major systolic and diastolic nadirs (range 
23:30 to 05:30 and 22:40 to 02:50, respectively). The 
second group (group B, n= 11) disclosed all inverted 
systolic BP profiles (range of the timings of the major 
systolic BP acrophases and nadirs, 02:50 to 07:00 and 
09:40 to 20:00, respectively). Among these patients, 1 
had a normal diastolic BP profile. The ranges of the 
timings of the major diastolic BP acrophase and nadir 
in the remaining 10 patients were 01:40 to 11:40 and 
09:50 to 21:40, respectively. 

Group A patients presented a nighttime decrease in 
systolic BP of 17 + 6 mm Hg (p <0.05) and in diastolic 
BP of 10 + 2 mm Hg (p «0.01) (left panel of figure 4) 
which were not significantly different than those of the 
controls (Table I). In contrast, group B patients pre- 
sented a nighttime increase in systolic BP of 11 + 2 mm 
Hg (p <0.001) and in diastolic BP of 7 + 2 mm Hg (p 
<0.05) (Figure 4, right panel). The major BP acro- 


TABLE I Quantitative Characteristics of the 24-Hour Systolic and Diastolic Blood Pressure Variations in Controls (n — 19) and in 
Group A (n = 8) and B (n = 11) Patients Investigated One and Seven Months After Cardiac Transplantation 
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Systolic Blood Pressure 


(mm Hg) 126 + 3 138 + 5 140 +7 123 ££ 5 148 +4 x ^ § 
Nighttime mean- 

level (mm Hg) 105+ 2 121+ 5 122+8 134+5 130 + 6 t § - $ 
Amplitude 

(96 of mean) 15+1 15 £3 14-2 10-2 15.33 P 
Major acrophase 

clock time 15:24 + 00:15 13:56 + 00:33 15:06 + 00:58 05:11 + 00:28 13:48 + 00:48 t § n 
Value of major 

acrophase 

(% of mean) 110+ 1 111 «2 111 x2 113 21 113° 2 
Major nadir 

clock time 03:32 + 00:15 01:53 + 00:42 05:48 + 02:12 15:34+ 01:11 01:19 + 00:48 t § 
Value of major nadir | 

(96 of mean) 84 +2 84-4 86 +2 88 +2 85 x2 





Diastolic Blood Pressure 


(mm Hg) 80 + 2 86 + 3 93 + 3 
Nighttime mean 

level (mm Hg) 66 +1 76+4 80+5 
Amplitude : 

(96 of mean) 15st ] 13:5 2 14 x2 
Major acrophase 

clock time 14:08 + 00:35 13:14 + 00:21 15:04 + 01:12 
Value of major 

acrophase 

(96 of mean) Hits 111+2 111€2 
Major nadir clock 

time 03:41 + 00:52 01:18 + 00:35 05:14 + 02:04 













Control Versus Control Versus 
Group B (n = 11) FO 
GroupA GroupB GroupA Group B 
at 1 at 1 at 7 at 7 


Month Month Months Months 


1 7 
Month Months 
























76:33 90 +3 T 
8313 84 *4 t § t § 
14+2 1222 
06:30 + 01:04 13:21 + 01:16 § 
116+2 109 + 1 
14:16 + 01:31 03:07 + 01:20 § 
87 +2 87 +2 





phases and nadirs occurred around 14:30 and 02:30 in 
both group A patients and controls, respectively. In con- 
trast, the major BP acrophases and nadirs occurred 
around 05:00 and 15:30, respectively, in group B pa- 
tients. 

To elucidate the possible factors responsible for the 
abnormal BP patterns observed in group B patients, we 
examined the differences in time after transplantation, 
age, cardiac and renal function and in the medications 
between group A and B patients (Table II). The only 
difference between group A and B patients was the low- 
er daily oral dose of prednisolone in group A patients 
(Table II, p <0.001). Additionally, the oral dose of cy- 
closporine was slightly lower in group A than in group 
B patients (p = 0.04). Moreover, among all these pa- 
rameters (Table II) only the nighttime systolic and dia- 
stolic BP decreases were inversely correlated with the 
daily oral dose of prednisolone in the 19 patients (systol- 
ic BP, r = —0.47; diastolic BP, r = —0.53; p <0.05) 
(Figure 5). 

SEVEN MONTHS AFTER HEART TRANSPLANTATION: 
When compared with the values observed 1 month after 
heart transplantation, the day-night differences in sys- 
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TABLE Il Group A and B Patients Characteristics One and Seven Months After Transplantation 


Group A (n = 8) 
Patient 


Group B (n = 11) p Value 


Characteristics 1 Month 7 Month 1 Month 7 Month 1 Month 7 Month 


Days after transplantation 28 +2 
Age (yr) 55+ 4 
Left isotopic ejection fraction (%) 61's 5 
Serum creatinine (mg/dl) L3 €0.3 
No. of patients receiving antihyperten- 

sive medications 6 8 
Oral dose of azathioprine (mg/kg BW) 1.5:25,0.3 
Oral dose of cyclosporine (mg/kg BW) 4.8 * 0.5 
Oral dose of prednisolone (mg/kg BW) 0.22 + 0.04 


*Chi-square test; other Student's t test. 
BW = body weight, NS = not significant. 


tolic/diastolic BP increased in the 19 patients (from 1 + 
4/0 + 3 mm Hg to 18 + 3/9 + 2 mm Hg 7 months 
after cardiac transplantation [p «0.01]) and were no 
longer statistically different from those observed in the 
controls (Figure 2, right and left upper panels). 

In group A patients, the daytime and nighttime sys- 
tolic and diastolic BPs remained unchanged 7 months 
after transplantation (Table I). Consequently, the day- 
night differences in systolic/diastolic BP did not change 
(from 17 + 6/10 + 2 mm Hg to 18 + 3/13 + 3mm 
Hg 7 months after cardiac transplantation) in the group 
A patients. Also, periodogram analysis revealed that the 
timings of the major acrophases and nadirs remained 
similar to those of the controls. When compared with 
the drug dosages given 1 month after cardiac transplan- 
tation (Table II), the group A patients received lesser 
cyclosporine (p = 0.01) but similar doses of azathio- 
prine and prednisolone after 7 months. 

In group B patients, periodogram analysis revealed a 
normalization of the timings of the major systolic and 
diastolic BP acrophases and nadirs 7 months after car- 
diac transplantation (Table I). These patients had an 
increase in the daytime systolic (p «0.0001) and dia- 
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0.16 « 0.04 








24+2 
53 +3 
66+4 


1.1 0:4 1.4 € 0.1 


4 8 
1.7 € 0.2 1.150 
6.2 Ou 4.6 + 0.4 
0.42 + 0.04 0.16 + 0.03 


stolic BPs (p <0.001) 7 months after the surgical proce- 
dure, whereas the nighttime systolic and diastolic BPs 
remained unchanged. Consequently, the day-night sys- 
tolic/diastolic BP differences increased in these patients 
from —12 + 2/—7 + 2 mm Hg to 18 + 4/6 + 3 mm 
Hg (p <0.05) because of an increase in daytime levels 7 
months after transplantation. When compared with the 
drug dosages given 1 month after cardiac transplanta- 
tion (Table II), the group B patients received lesser cy- 
closporine (p <0.01), lesser azathioprine (p = 0.01) and 
lesser prednisolone (p = 0.001) after 7 months. 

Of all the parameters that could have conceivably 
been involved in altering the BP profile (Table II), only 
the reduction in the daily prednisolone dosage in the 19 
patients correlated with the increase in the magnitude 
of the nighttime decrease in systolic (r = 0.61, p <0.01) 
and diastolic (r = 0.54, p <0.05) BPs observed 7 
months after cardiac transplantation (Figure 6). 

Heart rate: Both 1 and 7 months after transplanta- 
tion, patients had higher daytime and nighttime (p 
<0.01) HR values than controls (Table III and Figure 
2, lower panels). Although the relative amplitude of the 
circadian HR rhythm increased from 1 to 7 months in 
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FIGURE 4. Transverse means, across subjects, of the 24-hour systolic and diastolic blood pressure (BP) profiles in heart-trans- 


planted (HTX) patients whose major acrophase and major nadir timings were normal (left panel) and in heart-transplanted pa- 
tients who had inverted systolic and/or diastolic BP profiles (right panel). Values are mean + SEM. 
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patients (p <0.05) it remained reduced when compared 
with that in controls (p <0.01). However, the timings of 
the acrophases and nadirs were similar in the patients 
and the controls. No differences in the characteristics of 
the circadian HR rhythms were found between the 
group A and B patients 1 and 7 months after transplan- 
tation (data not shown). 
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DISCUSSION 

In this longitudinal and prospective study, the quan- 
titative characteristics of the 24-hour BP and HR pro- 
files of 19 heart-transplanted patients were compared 
with those observed in 19 matched controls. A number 
of methodologic issues about our data are worth dis- 
cussing. First, although the evaluation of the accuracy 
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FIGURE 5. Scatter plots of the daily oral prednisolone intake (mg/Kg body weight [BW)) in 19 cardiac-transplanted patients ver- 
sus the difference between daytime and nighttime systolic blood pressure (SBP) (left panel) and diastolic blood pressure (DBP) 


(right panel) levels 1 month after transplantation. 
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FIGURE 6. Scatter plots of the decrease in the daily oral prednisolone intake (A prednisolone, in mg/Kg body weight [BW]) ver- 
sus the increase in nighttime systolic blood pressure (SBP) (A SBP, left panel) and diastolic blood pressure (DBP) (A DBP, right 


panel) decrease 7 months after transplantation when 


with blood pressure 1 month after transplantation (n = 19). 
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TABLE Ill. Quantitative Characteristics of the 24-Hour Heart Rate Variations in Controls (n — 19) and in 19 Patients Investigated One 
and Seven Months After Cardiac Transplantation 


Characteristics of HR Rhythms Controls 


78 +2 

62 -2 

19.1 
15:24 + 00:20 

118 2-1 
03:41 + 00:15 

81+ 1 


Daytime mean level (beats/min) 
Nighttime mean level (beats/min) 
Amplitude (% of mean) 

Major acrophase clock time 

Value of major acrophase (% of mean) 
Major nadir clock time 

Value of major nadir (% of mean) 


*p <0.05; tp <0.01; tp <0.0001, other not significant. 
HTX 1 M, HTX 7 M = heart-transplanted patients at 1 and 7 months, respectively. 


of the Takeda recorder has given conflicting results, 6-1 
the comparative analysis presented in this study was pri- 
marily based on characteristics of the long-term trends 
of the profiles that are not dependent on absolute BP 
values (i.e., timings of nadirs and acrophases, relative 
amplitude). Furthermore, the reliability checks of our 
recorders produced results of good accuracy similar to 
those reported by White et al!’ and Clark et al.!8 Sec- 
ond, to improve the quality of matching for daytime BP, 
patients and controls were matched for mean daytime 
ambulatory BP instead of isolated casual BP readings. 
Third, in this study as in the study of Reeves et al 
antihypertensive medications were not withdrawn for 
ethical reasons. Moreover, previous studies have shown 
that the major relative characteristics of the 24-hour BP 
profiles are not significantly modified by various antihy- 
pertensive treatments.? 

In accordance with previous findings,^^ abnormal 
24-hour BP profiles were found 2 to 5 weeks after cardi- 
ac transplantation. The new finding of our study is the 
recovery of a normal circadian BP profile in the long 
term after heart transplantation when a second ambula- 
tory BP recording was performed 7 months after trans- 
plantation. 

Several factors could be responsible for the long- 
term recovery of normal circadian BP profiles in heart- 
transplanted patients. Because it is well known that in 
continuously recumbent subjects the nighttime BP de- 
crease is still present but is reduced in amplitude, !9.20 
great care was exercised in the study protocol to mini- 
mize the possible effects of changes in physical activity. 
Therefore, all patients and controls were requested to be 
physically active and ambulant during both sessions of 
BP recordings. Although all heart-transplanted patients 
followed the same standardized physical activities when 
the first ambulatory BP monitoring was performed, a 
clear-cut difference in the evolution of the day-night BP 
differences could be evidenced, allowing the identifica- 
tion of 2 distinct subgroups of patients. Moreover, group 
A patients (i.e., those who were treated with low-dose 
prednisolone and were inpatients at the time of the first 
recording) had similar day-night BP difference at the 
time of the second recording when they were outpa- 
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tients. Thus, it is unlikely that changes from inpatient to 
outpatient status at the time of the second ambulatory 
BP recording was the cause of the normalization of the 
inverted profiles in group B patients. 

Reeves? and Wenting* and their co-workers suggest- 
ed that the force-fed pump characteristics of the dener- 
vated heart, together with salt and water retention in- 
duced by cyclosporine therapy, might contribute to the 
abnormal BP profiles presented by their patients. In the 
present study, only the daily dosage of prednisolone cor- 
related with the magnitude of the nighttime systolic and 
diastolic BP decrease shortly after cardiac transplanta- 
tion, whereas neither the daily oral dosage of cyclospor- 
ine nor the daily oral dosage of azathioprine did. More- 
over, only the decrease in the daily oral dose of pred- 
nisolone correlated with the observed increase in the 
nighttime systolic and diastolic BP decrease 7 months 
after cardiac transplantation. These findings suggest 
that exogenous glucocorticoid administration may play 
an important role in the development of the abnormal 
BP profiles presented by heart-transplanted patients. 

This hypothesis is supported by reports of abnormal 
BP profiles in patients with Cushing’s syndrome? or in 
subjects treated with exogenous glucocorticoids.? How- 
ever, in this latter study the glucocorticoid dosage was 
higher than that of our heart-transplanted patients, and 
this may explain the failure to demonstrate a dose-de- 
pendent effect of exogenous glucocorticoid administra- 
tion on the circadian BP variations. 

We cannot exclude that a possible reinervation of 
the transplanted heart could contribute to the recovery 
of normal circadian BP profiles.?! Indeed, a significant 
increase in the amplitude of the circadian HR variation 
was observed 7 months after transplantation. However, 
it was still reduced when compared with that observed 
in the control subjects. Since studies with fixed-rate 
pacemakers have shown the independence of BP and 
HR rhythms,’ it is unlikely that the increase in the 
amplitude of the circadian HR rhythm has contributed 
to the normalization of the BP profiles observed 7 
months after transplantation. 

In conclusion, our data demonstrate the reappear- 
ance of a normal circadian BP variation in the long 
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term after cardiac transplantation and suggest that glu- 
cocorticoid therapy contributes to the abnormal profiles 
observed shortly after transplantation. 
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Dose-Dependent Effect of Intravenous 


Nitroglycerin on Platelet Aggregation, and 
Correlation with Plasma Glyceryl Dinitrate 
Concentration in Healthy Men 


Karl-Erik Karlberg, MD, Kristina Torfgard, MD, 
Johan Ahlner, MD, PhD, and Christer Sylvén, MD, PhD 


Nitroglycerin has been reported to reduce mortali- 
ty in patients with acute myocardial infarction. 
This beneficial effect has been attributed to vaso- 
dilation, but it was speculated that part of this ef- 
fect may be due to altered platelet function. The 
influence of intravenous nitroglycerin on platelet 
aggregation was assessed. Eight healthy subjects 
(aged 22 to 48 years) were studied using filtra- 
gometry at baseline, and 3 different nitroglycerin 
doses. Compared with baseline, aggregation time 
(which indexes platelet aggregation) increased 
dose-dependently by 91 + 68% (p <0.001) at the 
maximal dose of nitroglycerin (1.1 + 0.3 ug/ 
kg/min). Plasma concentration-effect relations 
were observed between nitroglycerin as well as 
the glyceryl dinitrate metabolites and platelet 
aggregation (r = 0.6 [p <0.002] and r = 0.8 

[p «0.0001], respectively). 

It is concluded that increasing doses of intrave- 
nous nitroglycerin profoundly and dose-depen- 
dently inhibit platelet aggregation. This inhibitory 
effect correlates with glyceryl dinitrate formation. 

(Am J Cardiol 1992;69:802-805) 
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itroglycerin has been used for the treatment of 
IN imi heart disease for more than a century. 

In acute myocardial infarction, intravenous ni- 
troglycerin reduces infarct size and mortality.! In an 
overview, nitroprusside and nitroglycerin reduced mor- 
tality in acute myocardial infarction, the order of mag- 
nitude being the same as with fibrinolytic therapy or 
acetylsalicylic acid.? This beneficial effect has been at- 
tributed to vasodilation, but other effects of nitroglycer- 
in may be of importance. 

In concentrations higher than therapeutic levels, ni- 
troglycerin inhibits platelet aggregation in vitro and in- 
creases platelet intracellular cyclic guanosine mono- 
phosphate (cGMP) concentrations.?^ Metabolization of 
nitroglycerin, and thus nitric oxide production, is a pre- 
requisite for the elevation of tissue cGMP, leading to 
relaxation of the rabbit aorta.*° Nitric oxide, suggested 
to be 1 important active component in endothelium-de- 
rived relaxing factor,’ has also been shown to increase 
intracellular cGMP concentrations in platelets, leading 
to inhibited platelet aggregation.5 One method for esti- 
mating platelet aggregation close to in vivo conditions is 
filtragometry, according to Hornstra and ten Hoor.? 
This study was designed to investigate dose-effect rela- 
tions between intravenous nitroglycerin and platelet ag- 
gregation using filtragometry, with determinations of 
plasma concentrations of nitroglycerin and its glyceryl 
dinitrate metabolites. 


METHODS 

Eight healthy men (aged 38 + 10 years, range 24 to 
48) participated in the study. Acetylsalicylic acid and 
nonsteroid anti-inflammatory drugs were not allowed 
for 214 days. Three to 5 days before the investigation, 
an intravenous nitroglycerin dose was titrated (1 mg/ 
ml, Karo Bio Nordica, Sweden), beginning at 0.25 
ug/kg/min, with increments of 0.25 ug/kg/min every 
10 minutes until systolic blood pressure decreased 2096 
or heart rate increased 10 beats/min. On the day of the 
investigation, aggregation time and systolic blood pres- 
sure were measured in duplicate at baseline. After the 
baseline measurements, Vs, 75 and 74 of the pretested 
maximal nitroglycerin dose were infused into a periph- 
eral vein, using an infusion pump and a nitroglycerin- 
resistant infusion set (Perfusor Secura Fc, Perfusor-tub- 
ing, B. Braun Melsungen AG, Melsungen, Germany). 
After 10 minutes at each dose level, aggregation time 
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TABLE | Study Results 


Actual Aggregation 
Dose NTG Dose Time (10 mm Hg) 
Level (g/kg/min) (seconds) 


272 + 86 
340 + 87 
412 + 129* 


482 + 80ł 


NTG 1, 2- + 1, 3-GDN 
SBP Concentration Concentration 
(mm Hg) (ng/ml) (n = 6) (ng/ml) (n = 6) 


126 + 11 0 0 
119-8 0.04 + 0.09 1.10 + 0.67 
111 + 9f 0.37 + 0.23* 4.95 + 2.66* 
105 + 10tf 0.65 + 0.57tf 9.50 + 5.321 


*p «0.01, tp «0.001, tp «0.0001 compared with baseline (Fisher's protected least-square difference test). 





GDN = glyceryl dinitrate; NTG = nitroglycerin; SBP = systolic blood pressure. 


and systolic blood pressure were measured as single de- 
terminations before the nitroglycerin dose was increased 
to the next level. 

Filtragometry was described by Hornstra and ten 
Hoor.?:!? In summary, blood from an antecubital vein is 
heparinized (25 IU/ml) (KABI, Sweden) and drawn at 
a constant rate (2 ml/min) through a porous filter. The 
pressure gradient over the filter is recorded and in- 
creases as more and more pores in the filter are occlud- 
ed with platelet aggregates. Aggregation time (which 
indexes platelet aggregation) is measured from the time 
when the blood reaches the filter until the pressure dif- 
ference is 5 or 10 mm Hg. 

We used the Fleischmann version of the filtra- 
gometer (essentially according to the manual).!! Aggre- 
gation time was measured at pressure differences of 5 
and 10 mm Hg, the latter to improve the signal-to-noise 
ratio. Blood was collected with a 19-gauge butterfly 
needle (JMS PTE Ltd., Singapore). For each determi- 
nation, a new needle was inserted 210 mm distal to the 
preceding insertion or into a new vein. All measure- 
ments and blood samples were obtained from the arm 
opposite to the 1 in which nitroglycerin was infused. 
The test unit was changed for each measurement. All 
parts exposed to blood (including the filter) were sili- 
conized with a 196 siliconizing solution (PCR, Inc., 
Gainesville, Florida). According to the manual, nickel 
filters with 20 um pores (Stork Weco BW, Erbeck, the 
Netherlands) were used only once, but the rest of the 
test unit was washed and resiliconized after use. 

For determinations of plasma concentrations of ni- 
troglycerin and its dinitrate metabolites, blood was ob- 
tained after filtragometry at baseline and at each dose 
level. Blood was collected in heparinized test tubes pre- 
cooled with ice and was cool-centrifuged within 5 min- 
utes. Plasma samples were stored at —70°C until analy- 
sis. Plasma concentrations of nitroglycerin and 1,2- and 
1,3-glyceryl dinitrate were determined by a capillary 
gas chromatographic method.!? Blood samples for rou- 
tine platelet counts were obtained at baseline and after 
final measurements. 

Statistics and ethics: Values are given as mean + 
SD, if not otherwise stated. Nonhomogeneity for multi- 
ple comparisons of repeated measurements was tested 
by analysis of variance. Differences between measure- 
ments were localized by means of Fischer's PLSD test. 
The coefficient of variation was calculated according to 
Dahlberg.!? The study protocol was approved by the lo- 
cal ethics committee. 


RESULTS 

Results are listed in Table I. Platelet counts did not 
change after nitroglycerin compared with those at base- 
line. The maximal intravenous nitroglycerin dose was 
1.1 + 0.3 ug/kg/min. From baseline to the maximal 
dose, systolic blood pressure decreased by 16 + 10% (p 
<0.0001). Aggregation time increased dose-dependent- 
ly (Figure 1). Individual aggregation times at the maxi- 
mal dose increased in all subjects compared with those 
at baseline (Figure 2). 


A aggr. time (sec) 


0,0 
NTG dose (ug/kg/min) 


0,4 0,8 





FIGURE 1. Mean values for increments of aggregation time 
compared with baseline at 5 and 10 mm Hg. Error bars are 
SEM. NTG - nitroglycerin. (p «0.0001, analysis of variance.) 
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FIGURE 2. individual dose-effect curves for aggregation time 
measured at 10 mm Hg. 
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The results were similar for measurements at pres- 
sure differences of both 5 and 10 mm Hg (coefficients 
of variation at baseline were 10.1 and 10.8%, respective- 
ly). Furthermore, the 4 differences between 5 and 10 
mm Hg measurements at the 4 dose levels were con- 
stant (p <0.6). 

Samples for plasma concentrations of nitroglycerin 
and its metabolites were obtained from 6 subjects. The 
results are summarized in Table I and Figure 3. The 
increase in aggregation time at the 5 mm Hg level cor- 
related with plasma concentrations of nitroglycerin 
(r = 0.6; p <0.002), and 1,2- and 1,3-glyceryl dinitrate 
(both r = 0.8; p «0.0001), as well as with dinitrate me- 
tabolites combined (r = 0.8; p «0.0001). 


DISCUSSION 

Intravenous nitroglycerin in therapeutic doses suffi- 
cient to produce a hemodynamic response profoundly 
reduced platelet aggregation in vivo as measured ex 
vivo. Our results confirm the observations of Diodati et 
al!4 who used nitroglycerin doses of the same magnitude 
as our maximal dose, but whole blood aggregometry 
(instead of filtragometry) to estimate platelet aggrega- 
tion. Our data also correspond with those of Ring et al! 
and Lichtenthal et al!6 who found that nitroglycerin in- 
creased bleeding time. None of these latter investigators 
found any reduced platelet aggregation in platelet-rich 
plasma. Reasons for this lack of effect could be that the 
preparation delays analysis and may alter fragile plate- 
let functions. Rapid analysis is crucial in view of the 
short half-life of nitroglycerin.'’ This is exemplified by 
Diodati et al’s'* observation that the antiaggregatory ef- 
fect had disappeared when the blood sample had been 
kept at room temperature for 30 minutes. 

Although the filtragometer technique is an ex vivo 
method, it indexes the in vivo platelet aggregation. It 
is an extracorporeal method, and involves continuous 
withdrawal of blood and measurements over an artifi- 
cial surface after approximately 1 minute. Compared 
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with other methods used for the measurement of plate- 
let aggregation (e.g., aggregometry), the filtragometer 
technique involves a minimum of trauma and artificial 
provocation of the platelets, and is performed on flowing 
whole blood. The filtragometer method has been docu- 
mented as showing reproducible results consistent with 
physiologic and pharmacologic mechanisms. !° 

Furthermore, conventional platelet aggregation with 
platelet-rich plasma did not show signs of increased 
aggregability in patients with ischemic heart disease, 
whereas the filtragometer technique did.!!:!8 Larsson et 
al'? reported that mental stress increased platelet aggre- 
gability as measured by the filtragometer technique, but 
not by in vitro aggregometry. Larsson et al!? also specu- 
lated that with in vitro methods, fragile platelets may 
have been destroyed during sample preparation. Fur- 
thermore, in whole blood aggregometry, the circum- 
stances are artificial. Whole blood is diluted 5096, ag- 
gregation is provoked by agents such as adenosine di- 
phosphate, collagen and thrombin, and aggregation is 
measured by turbidity or a change in electrode imped- 
ance due to the deposition of platelets on the elec- 
trodes.?? 

Aggregation time increased linearly with increasing 
dose levels of nitroglycerin. Relative to the dose admin- 
istered, the plasma nitroglycerin concentration curve 
was not linear due to a very low concentration at the 
smallest nitroglycerin dose. One reason for this could be 
that with this dose, detected plasma concentrations were 
regarded as 0 in all but 1 sample, because plasma con- 
centrations were at the discrimination limit of the meth- 
od. Other reasons for nonlinearity could be a lack of 
steady-state conditions, and more rapid nitroglycerin 
metabolism at low-plasma concentrations.!? It has been 
suggested that biotransformation, (i.e., metabolism) and 
thus production of nitric oxide or S-nitrosothiols are 
needed for the effect of nitroglycerin. In this study, the 
dinitrate metabolites had a better concentration-effect 
relation than did nitroglycerin. Even though the metab- 


FIGURE 3. Top, log plasma concentra- 
tions (conc.) of nitroglycerin (NTG) and 
1,2- and 1,3-glyceryl dinitrate (GDN) at 
increasing dose levels. Error bars are 
SEM. Bottom, correlations with incre- 
ments of aggregation (aggr.) time (NTG: 
r = 0.62, p <0.002; GDN: r = 0.79, p 
<0.0001). 
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olism is complex and the dinitrates are further metabo- 
lized, the plasma glyceryl dinitrate concentration could 
be a better index for nitroglycerin activity. 
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Effect of Coronary Stenosis Severity on Variability of Quantitative 
Arteriography, and Implications for Interventional Trials 


G. B. John Mancini, MD, Paula R. Williamson, BS, and Scott F. DeBoe, BS 


uantitative coronary arteriography is now routinely 
Qi. in studies assessing arterial remodelling in re- 
sponse to interventions such as lipid lowering and percu- 
taneous transluminal coronary angioplasty. Although 
this methodology provides both relative and absolute 
measurements that can be evaluated statistically as con- 
tinuous variables, it is, however, often desirable or neces- 
sary to establish categorical responses to the interventions 
based on the variability inherent in the quantitative meth- 
ods (i.e., it is often necessary to state whether individual 
patients, as opposed to entire groups, have “restenosed,” 
"progressed," “regressed,” and so forth, and these cate- 
gorical designations are based on critical limits of vari- 
ability).'? These limits are generally based on an analysis 
of a rather diverse range of lesion severity, and the ques- 
tion arises as to whether the variability of measuring 
changes in lesion or segment morphology is affected by 
the initial severity of the lesion being studied. It is con- 


From the Department of Internal Medicine, Division of Cardiology, 
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O to 2096 









Minimum diameter (mm) 














TABLE I Variability of Minimum, Maximum and Mean Diameters, and Percent Diameter 
Stenosis as a Function of Initial Percent Diameter Coronary Stenosis Severity 


21 to 4076 





Mean 2.4 0.7 19-04 1.6-03 1.30.4 0.403 1.5+08 
Range 1.3—4.0 1.2-2.5 1.2-2.4 0.7-1.9 0.1-1.1 0.1—4.0 
Accuracy 0.03 0.01 0.00 — 0.02 —0.01 0.00 
Precision 0.12 0.13 0.13 0.05 0.14 0.11 
Mean absolute difference 0.09 0.09 0.11 0.04 0.10 0.10 
r value 0.99 0.94 0.95 0.99 0.89 0.99 
Maximum diameter (mm) 
Mean 31:30:27, 3220.6. 235207 402 1)". 32233" 3.4 LO 
Range 1.8-4.6 2.1-4.2 2.2—4.5 2.7—6.2 1.5-6.1 1.5—6.2 
Accuracy 0.13 —0.04 0.00 —0.20 — 0.03 —0.03 
Precision 0.20 0.31 0.22 0.21 0.24 0.25 
Mean absolute difference 0.18 0.23 0.17 0.24 0.17 0.20 
r value 0.97 0.91 0.96 0.98 0.98 0.97 
Mean diameter (mm) 
Mean 2.] £07 2.40.4 24+04 27208 1.9-0)9 2.4+0.7 
Range 1.6—4.4 1.6-3.3 1.7-3.3 1.6-4.5 0.9-4.3 0.9-4.5 
Accuracy 0.04 —0.01 0.07 —0.10 0.00 0.00 
Precision 0.11 0.16 0.13 0.11 0.20 0.15 
Mean absolute difference 0.08 0.13 0.12 0.11 0.15 0.12 
r value 0.99 0.94 0.97 0.99 0.98 0.98 
Percent diameter stenosis 
Mean 15 £4 34 :: 5 51-6 66 + 4 85+ 4 50 + 25 
Range 6—20 20-39 43-59 61-73 81-93 6—93 
Accuracy —1.7 —2.0 -0.5 —0.9 0.1 —1.0 
Precision 2.1 4.4 2.8 Lt 2.8 2.9 
Mean absolute difference 2.2 4.0* zd 1.4* 2.3 2.4 
r value 0.86 0.65 0.89 0.93 0.74 0.99 


*p « 0.01. ' 
Mean values + SD. No accuracy value is significantly different from O. 


ceivable that variability may be greater at 1 end than at 
the other end of the spectrum of lesion severity. If this is 
true, then the use of 1 critical value to designate whether 
a subject has responded in a certain way would be inap- 
propriate, and this designation would be better achieved 
by using criteria that more directly reflect the measure- 
ment variability of lesions of a specified, initial severity. 
This report examines whether the variability of measur- 
ing morphologic parameters of stenoses is affected by the 
baseline severity of the lesion. 

Records of digitally archived cineangiographic im- 
age frames (1 view) of narrowings previously acquired 
were retrospectively reviewed to establish a data set of 50 
lesions distributed evenly among 5 categories of percent 
diameter stenosis severity (0 to 20, 21 to 40, 41 to 60, 61 
to 80, and 81 to 9995). One technician retrieved these 
images and reanalyzed them without knowledge of the 
originally determined stenosis severity. These images 
were then reanalyzed at an interval of 2:1 week (mean 2 
weeks) by the same technician without knowledge of the 
prior results. Each analysis consisted of an assessment 
of the minimum, maximum and mean diameter of the 
segment, as well as percent diameter stenosis? Within 
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each severity subgroup and for each anatomic measure- 
ment, correlation coefficient (r value), accuracy (mean 
differences between the 2 measurements, retaining the 
direction of the difference), precision (standard devi- 
ation of mean differences) and mean absolute difference 
(mean absolute difference between measurements; i.e., 
direction of the difference was ignored) were calculated. 
For these analyses, the first set of measurements was 
considered the standard by which the second set was 
compared. In contrast to other reports,’ this study re- 
flects only the variability that can be ascribed to baseline 
lesion severity and does not include the increased vari- 
ability that can be expected when frame reselection and 
redigitization are involved. 

Correlation coefficients were assessed using a Bon- 
ferroni-adjusted Fisher's Z transformation. Repeated 
measures analysis of variance was used for assessing 
accuracy and mean absolute difference values. In the 
case of mean absolute differences, a Newman-Keuls si- 
multaneous comparisons test was used to determine 
which subgroups were significantly different. Precision 
was assessed using a Hartley test for heterogeneous vari- 
ances. Results were considered significant at p «0.05. 

Table I shows the study results and includes an as- 
sessment of the overall variability in the entire cohort. 
There were no significant differences among any of the 
absolute measures of stenosis severity. The mean abso- 
lute difference of the percent diameter stenosis parame- 
ter was higher in the 21 to 40% severity group than in the 
61 to 80% one (4.0 + 2.4% vs 1.4 + 1.1%; p <0.01). 
These 2 values were not significantly different from any 
of the other mean absolute difference values (range 2.2 
to 2.4%) in the other subgroups. 


This study demonstrates that the variability of abso- 
lute stenosis dimensions is not significantly affected by 
the initial severity of the stenosis being measured. The 
percent diameter stenosis measurement showed a minor 
tendency to be more variable in the modest (21 to 40%) 
than in a more severe (61 to 80%) group. This was mani- 
fest as a statistically significant difference in the mean 
absolute difference in repeated measures and was sup- 
ported by a lower (although not significantly) correlation 
coefficient. Therefore, this study suggests that 1 categori- 
cal criterion can be used to assess responses to therapy 
and intervention, which are not affected by the initial 
severity of the lesion when absolute measurements are 
used. For most purposes, the same probably applies to 
measures of percent diameter stenosis. However, it may 
be prudent for investigators interested in following a par- 
ticular subset of stenoses (e.g., “new lesion formation") to 
create quantitative limits for categoric determinations 
based specifically on the range of severity of the type of 
lesion to be investigated.^ 
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4. Lichtlen PR, Hugenholtz PG, Rafflenbeul W, Hecker H, Jost S, Deckers JW. 
Retardation of the angiographic progression of coronary artery disease in man by 
the calcium channel blocker nifedipine—results of the international nifedipine 
trial on antiatherosclerotic therapy (INTACT). Lancet 1990;335:1109-1113. 





Coronary Artery Disease and Factor VII Hyperactivity in Elderly 


Japanese 
Kazuomi Kario, MD, Takefumi Matsuo, MD 


igh levels of factor VII (FVII) coagulant activity 

(FVIIc) have been associated with an increased risk 
of coronary artery disease and cardiac death, and are 
thought to be of greater significance than cholesterol in 
the first 5 years after screening.! These studies have 
mainly been performed in Western countries and the 
subjects were generally adults aged «65 years. Japan is 
one of the countries where the incidence of coronary 
artery disease is low,? and we have recently reported on 
FVII hyperactivity in the elderly Japanese.? This time, to 
study the relation between coronary artery disease and 
FVII in elderly Japanese persons, we performed electro- 
cardiography and measured FVIIc and FVII antigen 
(FVIlag) levels as well as blood lipid fractions. 


From the Department of Internal Medicine, Hyogo Prefectural Awaji 
Hospital and Awaji-Hokutan Public Clinic, Hyogo, Japan. This study 
was supported in part by a grant from the Foundation for the Develop- 
ment of the Community, Tochigi, Japan. Dr. Kario's address is: 480-2, 
Ikuha, Hokutan-chyo, Tsuna-gun, Hyogo-ken, 656-16, Japan. Manu- 
script received September 9, 1991; revised manuscript received and 
accepted November 14, 1991. 


A total of 317 elderly Japanese subjects (>60 years 
old), who were residents of a local home for the aged, 
were studied. Fifty-one of the 127 subjects (40%) with 
hypertension and 27 of the 37 subjects (73%) with diabe- 
tes mellitus were receiving medication. Eighteen subjects 
received antihyperlipidemic agents. An electrocardio- 
gram was recorded in all subjects. Subjects who did not 
have hypertension, diabetes mellitus, peripheral vascu- 
lar disease, hyperlipidemia, a history of stroke, or an 
ischemic electrocardiographic tracing were classified as 
the healthy elderly group (82 men, mean age 77 + 9 
years; 62 women, mean age 80 + 7 years). Blood samples 
were collected after a 12-hour fast. FVIIc was assayed 
by an automated 1-stage method (Coag-stat, Kyoto 
Daiichi Pharmacological Co.), using human FVII-defi- 
cient plasma (Dade, France) and rabbit calcified throm- 
boplastin reagent (Thromboplastin C, Dade, France). 
FVIlag was assayed by an ELISA (Diagnostica Stago, 
France). In brief, diluted plasma samples or calibulators 
(normal plasma pool of 20 nonsmoking men aged <30 
years) were added to the microwells that had been coated 
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TABLE I Correlations Between Factor VII and Other 
Parameters in the 317 Elderly Japanese Subjects 


FVIIc/FVIlag 
Parameters FVIIc FVilag Ratio 


Body mass index —0.040 i —0.137 
Mean blood pressure 0.068 —0.045 
Uric acid 0.180* 0.007 
Glucose 0.030 ; 0.102 
Total cholesterol 0.311f 1 — 0.042 
Triglycerides 0.3121 ; 0.0165 
Cholinesterase 0.170* i —0.099 


*p «0.01; tp «0.001. 
Factor Vllc = factor VII activity; factor Vilag = factor VII antigen. 





with rabbit anti-FVIlag antibody. After 120 minutes at 
room temperature, each microwell was washed with 
phosphate buffer. The peroxidase-conjugated rabbit 
anti-F VIlag antibody was then added and incubated for 
120 minutes at room temperature. After washing the 
microwell, a substrate ortho-phenylene diamine solution 
containing hydrogen peroxide was introduced. After 3 
minutes at room temperature, the reaction was stopped 
by adding sulphuric acid, and the absorbance was read at 
405 nm with micro-ELISA reader. In our laboratory, the 
interassay (intraassay) coefficient of variation of FVIIc 
ranged from 2.6% (0.95%) at the mean FVIIc level of 
176% (176%) to 2.8% (1.5%) at the mean FVIIc level of 
100% (100%). The interassay (intraassay) coefficient of 
variation of FVIIag ranged from 2.2% (1.2%) at the 
mean FVIlag level of 165% (165%) to 4.4% (4.2%) at the 
mean FVIlag level of 102% (101%). 

Twenty-nine subjects had an abnormal Q wave 
(n = 12, 3.8%) or ischemic ST depression with a corre- 
sponding clinical history (n = 17, 5.4%), and they were 
classified as the coronary artery disease group (17 men 
and 12 women, mean age 75 + 8 years). In the 29 sub- 
Jects, 45% were cigarette smokers and 34, 21 and 10% 
were subjects with hypertension, diabetes mellitus or old 
stroke, respectively. Recently, the Bronx aging study on 
“old old" subjects aged 275 years discovered that 7.9% 
had a history of myocardial infarction without electro- 
cardiographic evidence, 6.4% had Q-wave myocardial 
infarction without a clinical history, 4.1% had both his- 
tory and electrocardiographic evidence, and 81.5% had 
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TABLE Il Clinical Characteristics of the Elderly Japanese 
Subjects 


High FVII Normal FVII Low FVII 
Characteristic Group Group Group Overall 
(mean + SD) (n250) (n=220) (n=47) (n=317) 


Age (yr) 78+8 78+8 16,210,738 +8 
Female (%) 70 30 
Hypertension (%) 
Untreated 
Diabetes 
mellitus (%) 
Untreated 
Cigarette 
smoker (%) 
High FVII Group = FVlIc > 166% (mean + 1 SD of FVlIc of total 317 subjects). 
Low FVII Group = FVIlc < 106% (mean — 1 SD of FVIIc of total 317 subjects). 


Normal FVII Group = 106% < FVIIc < 166%. 
FVIIc = factor VII activity. 





neither.* In our study, the incidence of Q-wave myocar- 
dial infarction in the subjects aged 275 years was 3.4%, 
which is one-third of that (10.5%) in the Bronx aging 
study. 

The mean FVIIc (men 117 + 23%, women 132 + 
26%) and FVIIag (men 114 + 20%, women 126 + 24%) 
levels were increased in the healthy elderly subjects when 
compared with those in 30 younger healthy volunteers 
without any medical problem (13 men and 17 women, 
mean age 33.8 years; FVIIc 98 + 21%, FVIIag 100 + 
18%, FVIIc/FVIIag 1.01 + 0.15), but the FVIIc/FVIIag 
ratio (1.03 + 0.33), a marker of FVII zymogen activa- 
tion, was not increased. The correlations between FVII 
and other parameters are shown in Table I. FVIIc levels 
Showed a significant correlation with the levels of 
total cholesterol (r = 0.311, p <0.001) and triglycerides 
(r = 0.312, p <0.001) (Figure 1). Body mass index, 
mean blood pressure, serum glucose levels, alcohol in- 
take, and smoking habits did not affect the FVII levels. 
A large epidemiologic study? showed that FVIIc levels 
were positively correlated with serum glucose levels and 
blood pressure in an industrial population. Our study 
did not confirm this, but hypertension and diabetes mel- 
litus were seen more often in subjects with high FVIIc 
levels. Both FVIIc (146 + 29%) and FVIlag (136 + 
33%) levels were higher in the coronary artery disease 
group than in the healthy elderly group. The high FVIIc 


FIGURE 1. Relation between plasma fac- 


tor Vil coagulant activity and serum tri- 
glycerides and total cholesterol. 


Total cholesterol (mg/dl) 
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TABLE Ili Factor VII Levels and the Incidence of Coronary Artery Disease 


Characteristic 
(mean + SD) 


Body mass index 
(kg/m?) 

Total cholesterol 
(mg/dl) 

Triglycerides 
(mg/dl) 

Uric acid (mg/dl) 


Factor VIIc (96) 
Factor Vllag (96) 
FVIIc/FVIlag 
Incidence of coronary 
artery disease (76) 


High FVII Group 


(n = 50) 
21+3 


214 + 32* 
141 + 59* 


5.4 x 1.3 


186 + 16 

164 + 26 

1.14 + 0.17 
18.0 


Normal FVII Group 


(n = 220) 
223 


199 + 40t 
111+ 47t 


5.0 2:.1.3 


134 + 16 

128 + 21 

1.06 + 0.15 
8.2 


Low FVII Group 
(n = 47) 


91 + 30 


4.8 + 1.1 


95 + 10 
104 + 19 
0.94 + 0.15 
4.3 


Overall 
(n = 317) 


22 t 3 


198 + 40 


113 + 49 


5.0 x 1.2 


136 + 30 

130 + 28 

1.05 + 0.16 
9.1 


*p «0.01; tp «0.001: parameters in the high FVII group were compared with those in the normal FVII group, and those in the normal FVII group were compared with those in the 


low FVII group. 
Data are shown as mean + SD. 
Factor Vilc = factor VII activity; Factor Vilag = factor VII antigen. 


levels in the coronary artery disease group were accom- 
panied by an increase in the FVIIc/FVIIag ratio (1.08 + 
0.16), although this association was not statistically sig- 
nificant. 

We next divided the 317 subjects into 3 groups by 
their FVII levels (Table II). Elderly subjects with a 
FVIIc =166%, which was the mean + 1 SD of FVIIc of 
the total 317 subjects, were classified as the high FVII 
group. Those with a FVIIc «10696, which is the mean — 
1 SD, were classified as the low FVII group. Those with 
a FVIIc 2106% and «16696 were classified as the nor- 
mal FVII group. The incidence of coronary artery dis- 
ease was 1896 in the high FVII group, 8.296 in the normal 
FVII group, and 4.3% in the low FVII group. The dif- 
ference in incidence was statistically significant (chi- 
square, 6.32; p «0.05, Table III). The differences in the 
levels of total cholesterol and triglycerides between each 
FVII group were also significant (both p «0.01, Table 
III). 

Our results suggest that age-related FVII hyperactivi- 
ty is associated with increased lipid levels and may con- 
tribute to the development of coronary thrombosis in 
elderly Japanese subjects. Although our previous study 
could not demonstrate the significant correlation between 
plasma FVIIc levels and plasma D-dimer levels, this may 
be due to a difference in the clearance ratio or to neutral- 
ization by various inhibitors.? It has been demonstrated 
that in vitro activation of FVII is closely associated by an 





increase in thrombin production,’ suggesting that the in- 
crease in FVIIc levels may lead to local generation of a 
greater amount of thrombin when the trigger, such as 
rupture of atheromatous plaque, occurs. The age-related 
increase in plasma tissue plasminogen activator inhibi- 
tor also supports the tendency to thrombogenesis in the 
elderly.® 
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Effects of Percutaneous Balloon Mitral Valvotomy on Pulmonary 
Venous Flow in Severe Mitral Stenosis 


Deepak Natarajan, MD, DM, Ved P. Sharma, MD, Subhash Chandra, MD, Sanjay K. Dhar, MD, 


Mahendra Gaba, MD, and Birjis Caroli, MD 


qe ulsed Doppler Echocardiography has revealed that 
normal pulmonary venous flow consists of systolic 
and diastolic phases, which are equal in size and velocity. 
Systolic flow occurs when the mitral valve is closed, the 
left atrium is relaxed and the mitral annulus is descending 
toward the apex. The second component occurs in dias- 
tole when the mitral leaflets open and allow blood to enter 
the left ventricle.! The biphasic flow may be disturbed in 
certain pathologic states. For instance, in dilated cardio- 
myopathy, mitral annulus motion subject to the degree of 
systolic dysfunction, may be markedly reduced. There is, 
consequently, a reduction or absence of the systolic phase 
of pulmonary venous flow.' Mitral stenosis due to rheu- 
matic heart disease also results in marked reduction in the 
mobility of the mitral valve apparatus and leaflets. More- 
over, there is considerable fusion of the commissures.? 
Percutaneous balloon mitral valvotomy (PBMV) has 
rapidly emerged as an alternative to surgical valvotomy in 
patients with mitral stenosis.* Successful PBMV results 
in rapid reduction of left atrial pressure and transmitral 
gradient, with significant increase in mitral valve area. 
There have been no reports demonstrating alteration in 
pulmonary venous flow with acute reduction in left atrial 
pressure after PBMV in mitral stenosis.? This study was 
designed to investigate alterations in pulmonary venous 
flow, using transesophageal echocardiography (TEE) af- 
ter PBMV in patients with severe mitral stenosis. 


From the Department of Cardiology, Dr. Ram Manohar Lohia Hospi- 
tal, New Delhi 110 001, India. Manuscript received July 17, 1991; 
revised manuscript received and accepted November 15, 1991. 


Fifteen patients (6 men and 9 women age range 16 to 
32 years, average 24) with severe mitral stenosis were 
studied. All patients were in New York Heart Associa- 
tion functional class III and had sinus rhythm. No pa- 
tient with left atrial thrombus, demonstrated by 2-di- 
mensional and TEE, underwent PBMV. All patients had 
an echo score of <8 and none had any degree of mitral 
regurgitation. 

All patients underwent right- and left-sided cardiac 
catheterization before and after PBMV, which was per- 
formed with the Inoue balloon catheter after obtaining 
informed consent. 

Patients had fasted for 4 hours before examination 
and had given informed consent. TEE was performed 24 
hours before PBMV and within 48 hours after the inter- 
vention. Dysphagic disease was excluded. No sedation 
was administered before examination. In all patients 2% 
lidocaine hydrochloride solution was used for local an- 
esthesia. The patients were asked to gargle with the 
lidocaine solution until they felt numbness of the tongue. 
No routine antibiotic prophylaxis was given. 

Patients were placed in the supine position, with the 
head flexed in midline. We used a 5 MHz phased-array 
ultrasound transducer (model 21362A of Hewlett Pack- 
ard) for the TEE. The patient was asked to swallow the 
probe after it was placed on the posterior aspect of the 
tongue. The probe was advanced about 30 to 35 cm from 
the incisors, where it was placed behind the left atrium, 
and standard short-axis and oblique views obtained. The 
model 2199A TEE adaptor connected the TEE imaging 
transducer to a SONOS 1000 Hewlett Packard ultra- 


TABLE I Clinical, Hemodynamic and Pulmonary Venous Flow Data Before and After Percutaneous Balloon Mitral Valvotomy in 12 


Patients 


23F 
17M 
32F 
18M 
25F 
28F 
22M 
28F 
25F 
21F 
23M 


24+4 0.7+0.1 2+0.2* 16+6 23+1* 


1 
2 
3 
4 
5 
6 
7 
8 
9 


C) hd» Wr OOWHND BND 


Mean + SD 
*p « 0.005. 


MR Grade 


OOOOooococccococoo 


Heart Rate 
(beats/min) 


ooqoorrr ODO OC OF 


87+13 86+11 20+4 56+9* 30-7 51+ 10* 


DPVF = diastolic pulmonary vein flow; MPG = mean transmitral gradient: MR = mitral regurgitation; MVA = mitral valve area; SPVF = systolic pulmonary vein flow. 
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sound system. After evaluating standardized scan 
planes, the best color flow signals from the left upper 
pulmonary vein was obtained. The Pulse Doppler vol- 
ume sample was positioned to obtain the best spectral 
display of the systolic and diastolic waveforms of pul- 
monary venous flow. In all patients the color flow Dopp- 
ler gain/reject was adjusted just to the level where back- 
ground noise was seen. 

Conventional echocardiography and Doppler exami- 
nations were performed routinely before TEE procedure 
using a 3.5 MHz phased-array transducer. 

Data were expressed as mean + SD. Statistical com- 
parisons were obtained by paired student's t test. A prob- 
ability value «0.05 was considered statistically signifi- 
cant. 

The mitral valve area, evaluated by 2-dimensional 
echocardiography increased from 0.7 + 0.1 to 2.0 + 0.2 
cm? after PBMV in all 12 patients who had repeat TEE Byte 
(p <0.005). Two patients refused assessment by TEE FIGURE 1. Alterations in systolic (S) and diastolic (D) pulmo- 


developed moderately severe mitral regurgitation. Mild Values are expressed as mean + standard deviation. 


p « 0.005 
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FIGURE 2. Top, transesophageal Doppler 
echocardiogram showing pulmonary venous 
flow that is reduced in systole (A) before per- 
cutaneous balloon mitral valvotomy. Bottom, - 
transesophageal Doppler echocardiogram of ELAY 1 | EVERY BERTS 
pulmonary venous flow after percutaneous 
balloon mitral valvotomy. Both waveforms are 
greater than those before percutaneous bal- 
loon mitral valvotomy (top), and the systolic 
wave (A) is slightly greater than the diastolic 
flow (B). 
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mitral regurgitation was produced in 4 of 12 patients. 
Mean transmitral gradient decreased from 16 + 5.6 mm 
Hg to 2.3 + 1.5 mm Hg (p <0.005) (Table I). There was 
no significant change in heart rate before or after PBMV. 

All 12 patients were in sinus rhythm, and all exhib- 
ited reduced flow in systole compared with diastole be- 
fore PBMV. The systolic velocity was measured at 19 + 
3.2 cm/s and diastolic flow at 27 + 6 cm/s. After PBMV 
systolic flow was greater than diastolic flow, and mea- 
sured 57 + 8 compared with a diastolic flow of 51 + 10 
cm/s. There was significant increase in both phases of 
pulmonary venous flow subsequent to PBMV (p < 
0.005), but after PBMV the systolic flow was not sig- 
nificantly greater than the diastolic flow (Figures 1 and 
2). There were no complications during PBMV and 
TEE. 

This study demonstrates that systolic pulmonary ve- 
nous flow is markedly less than diastolic flow in patients 
with severe mitral stenosis. After PBMV there was sig- 
nificant increase in the velocity of the systolic and diastol- 
ic waves of pulmonary venous flow into the left atrium. 
There was significant increase in mitral valve area ac- 
companied by substantial reduction in the mean transmi- 
tral pressure gradient. The improved hemodynamics con- 
sequent to PBMV were accompanied by the restoration 
of the systolic pulmonary vein flow to its usual size in 
relation to the diastolic flow. It was now slightly greater 
than diastolic flow. 

The present study strongly suggests that the mitral 
valve apparatus greatly influences pulmonary venous 
flow. There is increase in systolic flow with the mechani- 
cal splitting of mitral commissures after PBMV. All our 
patients were young with minimal subvalvular pathology 
or calcification. The main obstacle to left atrial blood 
flow was contributed by the thickened, fused but pliant 
leaflets of the stenosed mitral valve. The critical changes 
in systolic flow of pulmonary veins imply that stenosed 
mitral leaflets also impair the descent of the atrioventric- 
ular ring during systole. It is quite likely that as the mitral 
leaflets are in continuity with the annulus, restricted mo- 
bility of the leaflets during diastole also compromise sys- 
tolic motion of the atrioventricular ring. 

The other mechanism, to explain the increase in sys- 
tolic flow after PBMV, could be the substantial decrease 
in left atrial pressure. With the reduction of mean left 
atrial pressure to near-normal values, both systolic and 
diastolic flow of the pulmonary veins accelerate. With the 
sudden removal of obstruction by PBMV, net flow into 
the left atrium and then into the left ventricle is bound to 
increase. 
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Pulsed Doppler echocardiography of pulmonary veins 
obtained at their entry into the left atrium by convention- 
al transthoracic 4-chamber apical window displays bi- 
phasic pulmonary vein flow in normal hearts. However, 
there often is difficulty in getting adequate color doppler 
flow signals in patients with dilated ventricles and in 
patients with severe mitral stenosis because of rotation of 
the heart plus chest wall deformity. We therefore used 
TEE to evaluate pulmonary venous flow. Besides obtain- 
ing excellent color Doppler imaging of pulmonary vein 
flow, TEE is extremely sensitive in excluding left atrial 
appendage clots before PBMV,’ and documenting the 
creation of atrial septal defects consequent to PBMV. 
The advantages of TEE in image quality and improved 
sensitivity of color flow Doppler imaging are particularly 
useful in evaluating patients with mitral stenosis before 
and after PBMV. 

Before PBMV, color flow from the left pulmonary 
vein is a continuous red flame. After PBMV, not only 
does the flame become enlarged, but it also gets a tinge of 
green blue, suggesting increased velocity. 

This study emphasizes the feasibility of using TEE in 
evaluating the alterations of pulmonary venous flow after 
PBMV. Before PBMV, systolic flow is less than diastolic 
flow. Subsequent to PBMV there is significant reduction 
in left atrial pressure and transmitral gradient, inducing 
substantial increase in both systolic and diastolic flow, 
with the systolic wave greater than diastolic wave. 
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BRIEF SUMMARY 


CARDIZEM” 
(diltiazem hydrochloride) 
Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and pulmonary 
congestion documented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or second- or third- 
degree AV block (six of 1,243 patients for 0.48%). Concomi- 
tant use of diltiazem with beta-blockers or digitalis may result 
in additive effects on cardiac conduction. A patient with 
Prinzmetal's angina developed periods of asystole (2 to 5 
seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemo- 
dynamic studies in humans with normal ventricular function 
have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt). Experience with the 
use of CARDIZEM alone or in combination with beta-blockers 
in patients with impaired ventricular function is very limited. 
Caution should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances, significant elevations 
in enzymes such as alkaline phosphatase, LDH, SGOT, SGPT. 
and other phenomena consistent with acute hepatic injury 
have been noted. These reactions have been reversible upon 
discontinuation of drug therapy. The relationship to CARDIZEM 
IS uncertain in most cases, but probable in some. (See 
PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochlonde) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. 
As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses cf diltiazem were 
associated with hepatic damage. In special subacute hepatic 
Studies, oral doses of 125 mg/kg and higher in rats were asso- 
Clated with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 mg/kg were 
also associated with hepatic changes; however, these changes 
were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the drug 
should be discontinued 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 
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Pharmaco'ogic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes 
biotransformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow the 
same route of biotransformation may result in the competitive 
inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when 
starting or stopping concomitantly administered CARDIZEM to 
maintain optimum therapeutic blood levels. 


Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not suffi- 
cient, however, to predict the effects of concomitant treatment, 
particularly in patients with left ventricular dysfunction or cardiac 
conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) con- 
comitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of 
propranolo! was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, 
an adjustment in the propranolol dose may be warranted. (See 
WARNINGS.) 


Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the curve (53%) after a 1-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in pharma- 
cological effect when initiating and discontinuing therapy with 
cimetidine. An adjustment in the diltiazem dose may be warranted. 


Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, itis recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (See WARNINGS.) 


Anesthetics: The depression of cardiac contractility, conduc- 
tivity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 


Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than the 
daily recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths 
at doses of 20 times the human dose or greater 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Nursing Mothers. Diltiazem is excreted in human milk. One 


report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out 
to date, but it should be recognized that patients with impaired 
ventricular function and cardiac conduction abnormalities have 
usually been excluded. 

In domestic placebo-controlled angina trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
of angina patients. In many cases, the relationship to CARDIZEM 
has not been established. The most common occurrences from 
these studies, as well as their frequency of presentation, are 
edema (2.4%), headache (2.1%), nausea (1.996), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%): 


Cardiovascular: Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree — see con- 
duction warning), bradycardia, bundle 
branch block, congestive heart failure, ECG 
abnormality, flushing, hypotension, palpita- 
tions, syncope, tachycardia, ventricular 
extrasystoles. 


Nervous System: Abnormal dreams, amnesia, depression, gait 
abnormality, hallucinations, insomnia, ner- 
vousness, paresthesia, personality change, 
somnolence, tremor. 


Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), thirst, vomiting, weight increase. 

Dermatological: Petechiae, photosensitivity, pruritus, 
urticaria. 

Other: Amblyopia, CPK elevation, dry mouth, 
dyspnea, epistaxis, eye irritation, hyper- 
glycemia, hyperuricemia, impotence, 
muscle cramps, nasal congestion, nocturia, 
osteoarticular pain, polyuria, sexual difficul- 
ties, tinnitus. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, erythema 
multiforme, extrapyramidal symptoms, gingival hyperplasia, 
hemolytic anemia, increased bleeding time, leukopenia, purpura, 
retinopathy, and thrombocytopenia. There have been observed 
Cases of a generalized rash, characterized as leukocytoclastic vas- 
Culitis. In addition, events such as myocardial infarction have been 
observed which are not readily distinguishable from the natural 
history of the disease in these patients. A definitive cause and effect 
relationship between these events and CARDIZEM therapy can- 
not yet be established. Exfoliative dermatitis (proven by 
rechallenge) has also been reported. 
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Hemodynamic Determinants of the Peak Systolic Left 
Ventricular-Aortic Pressure Gradient in Children with Valvar 


Aortic Stenosis 


Robert H. Beekman, MD, Albert P. Rocchini, MD, Joseph H. Gillon, and G.B. John Mancini, MD 


T he peak systolic pressure gradient (the difference 
between peak left ventricular [LV] and peak aortic 
systolic pressures) has been used for many years as a 
primary measure of severity in children with valvar aortic 
stenosis (AS).!-? Reliance on the peak systolic pressure 
gradient in clinical decision-making was based on the 
practice of measuring the gradient at catheterization by 
withdrawing a single catheter from the left ventricle to 
aorta. In recent years it has become common, however, to 
measure LV and aortic pressures simultaneously with 
dual catheter techniques. The time-honored peak systol- 
ic gradient does not actually exist in time, because peak 
LV pressure in AS occurs well before peak aortic systolic 
pressure. The pressure gradients that actually exist in real 
time between the left ventricle and aorta (the instanta- 
neous gradients) vary throughout systole. These instanta- 
neous pressure gradients, which include peak instanta- 
neous gradient and mean systolic gradient (the integral of 
the systolic instantaneous gradients) can be estimated 
noninvasively,>-’ unlike peak systolic gradient. Neverthe- 
less, clinicians continue to rely on peak systolic pressure 
gradient as an important index of severity for clinical 
decision-making in children with valvar AS. The purpose 
of this study was to define, at cardiac catheterization, the 
relation between peak, mean and peak instantaneous sys- 
tolic pressure gradients in children with valvar AS. 
The patient group consisted of 34 children and ado- 
lescents (aged 3 months to 24 years [mean + SD 10.5 + 
6.4 years, median 11]) with isolated valvar AS who 
underwent cardiac catheterization at our institution be- 
tween 1985 and 1990. Their weights ranged from 6.8 to 
105 kg (mean 43.5 + 27.5). Peak systolic AS gradient at 
rest in these children ranged from 13 to 109 mm Hg, and 
the degree of aortic regurgitation ranged from 0 to 3+ 
(on a 0 to 4+ scale). Twenty children had native valvar 
AS (i.e., no prior treatment) and 14 children had under- 
gone prior balloon valvuloplasty. No children with prior 
surgical valvotomy were included in this study. 
Cardiac catheterization was performed percutane- 
ously after light sedation with morphine sulfate and 
chloral hydrate. Complete right- and left-sided cardiac 
catheterization was performed, and cardiac output was 
measured in triplicate using the thermodilution tech- 
nique. The left-sided pressures were recorded using 2 
identical 4 to 7 Fr pigtail catheters (UMI, Ballston Spa, 
New York) and fluid-filled transducers (Sorenson, No. 
Chicago, Illinois). In each patient both pigtail catheters 
were initially positioned side-by-side in the descending 
aorta to confirm that identical waveforms were recorded. 


ZEE Haste ee ee 11001086 0S LIS. "UV CRIT Here s 
From the Division of Pediatric Cardiology, Department of Pediatrics, 
Box 0204, Room F1312, C.S. Mott Children's Hospital, University of 
Michigan Medical Center, Ann Arbor, Michigan 48109. Manuscript 
received September 12, 1991; revised manuscript received November 
25, 1991, and accepted November 30. 


The left ventricle was then entered in a retrograde fash- 
ion and the pigtail catheter positioned in the LV apex. 
The aortic catheter was positioned in the ascending aor- 
ta, so that the upstroke of the aortic waveform occurred 
immediately on crossing the LV pressure waveform (i.e., 
no time delay). Simultaneous LV and ascending aortic 
pressure measurements were then recorded at a paper 
speed of 50 to 100 mm/s. All measurements were ob- 
tained with the patient in a steady-state condition, in 
sinus rhythm, and before angiography. 

The simultaneous LV and ascending aorta pressure 
tracing from each patient was digitized (SigmaScan 
Valve Analysis Program), and data from 2 to 3 consecu- 
tive beats were averaged. Data obtained from the digi- 
tized tracings (Figure 1) included the peak systolic, 
mean systolic, and peak instantaneous systolic gradi- 
ents, aortic pulse pressure, systolic ejection period, RR 
interval, time from R wave to peak LV pressure, and time 
from R wave to peak aortic pressure. A stepwise multiple 
linear regression analysis was then performed with the 
peak systolic gradient as the dependent variable. Inde- 
pendent variables studied were the digitized pressure 
waveform variables previously noted, as well as LV 
stroke volume and degree of aortic regurgitation. The 
stepwise multiple regression analysis was performed 
with an F value of 4.0 required for a variable to enter the 
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FIGURE 1. Simultaneous left ventricular (LV) and aortic pres- 
sure (Ao) tracings demonstrating the peak (A), mean (B) and 
peak instantaneous (C) systolic pressure gradients in a child 
with valvar aortic stenosis. 
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FIGURE 2. Comparison of the true measured peak systolic 

gradient with that predicted by the model from the mean gra- 
dient and aortic pulse pressure in 11 children with valvar aor- 
tic stenosis. Data from these children were not used to derive 


model, and an F value of 3.95 to remove a variable from 
the model (StatView II, Abacus Concepts, Berkeley, 
California). 

Using data from the 23 patients who had cardiac 
catheterization between July 1985 and July 1989, we 
defined a model to predict the peak systolic AS pressure 
gradient. This model was then validated in a second 
group of 11 consecutive patients who underwent cathe- 
terization after July 1989, and whose data were not used 
in defining the model. In this validation study, the peak 
systolic gradients predicted by the model were compared 
by simple linear regression analysis with peak gradients 
measured by dual catheter technique at catheterization. 

Stepwise multiple linear regression analysis identi- 
fied the mean systolic gradient (mean A) and the aortic 
pulse pressure as the most precise predictors of the peak 
systolic AS pressure gradient (peak A) in this patient 


o 
- 
E 
E 
2 
T. 
” 
o 
P" 
a. 


population. The model is as follows (F = 356, R? = 0.97, 
SEE = 4.3 mm Hg): peak ^ = 6.02 + 1.49 (mean A) — 
0.44 (pulse pressure). Thus, 97% of the variability in 
peak systolic AS gradient could be explained by inclu- 
sion of only 2 independent variables in the model (the 
mean systolic gradient and the aortic pulse pressure). 
There was no further significant reduction in variance by 
inclusion in the equation of any additional study vari- 
ables (F to enter equation: LV stroke volume 3.72; peak 
instantaneous gradient 3.36; all other variables «1.0). 

To validate the model, peak systolic AS pressure 
gradient was predicted from the mean gradient and aor- 
tic pulse pressure measured at cardiac catheterization in 
II consecutive children with valvar AS studied after 
July 1989. Data from these patients were not used to 
derive the model. In these 11 children, peak systolic 
gradient predicted from the model was compared with 
the peak systolic gradient measured directly by catheter 
(Figure 2). The relation between peak AS gradients pre- 
dicted by the model and the true measured peak gradi- 
ents nearly describes the line of identity (Y = 0.82 + 
1.01X, F = 1160, R? = 0.99). Furthermore, the ability 
of the model to predict the measured peak gradient does 
not appear affected by whether the valve was untreated 
or had undergone prior valvuloplasty (Figure 2). 

Using digitized pressure data obtained from fluid- 
filled catheters, we have found that the peak systolic 
pressure gradient can be accurately predicted from the 
mean systolic gradient and aortic pulse pressure in chil- 
dren with valvar AS. The model derived from data in 23 
children was subsequently validated in 11 children with 
valvar AS, whose data were not used to derive the model. 
In the validation study, the model was found to be ex- 
tremely accurate in predicting the true peak systolic gra- 
dient from the measured mean gradient and aortic pulse 
pressure (Figure 2). Inclusion of additional variables (in- 
cluding the peak instantaneous gradient) did not signifi- 
cantly improve the model. 

It is not entirely unexpected that mean systolic gradi- 
ent and aortic pulse pressure relate closely to peak systolic 
gradient in children with valvar AS. Mean systolic gradi- 
ent is affected not only by the degree of anatomic valve 


FIGURE 3. Pressure tracings from 2 chil- 
dren with valvar aortic stenosis and equal 
peak systolic gradients of approximately 
40 mm Hg. The much larger aortic pulse 
pressure explains the greater mean and 
peak instantaneous gradients in the pa- 
tient on the right panel. Left panel: peak 
gradient, 38 mm Hg; pulse pressure, 28 
mm Hg; mean gradient, 28 mm Hg; peak 
instantaneous gradient, 45 mm Hg. Right 
panel: peak gradient, 40 mm Hg; pulse 
pressure, 62 mm Hg; mean gradient, 42 
mm Hg; peak instantaneous gradient, 67 
mm Hg. 
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deformity, but also by the magnitude of transvalvar blood 
flow (in turn related to LV stroke volume and systolic 
function). Thus, mean systolic gradient brings to the 
model information regarding the patient's valve stenosis 
and hemodynamic status. With the mean gradient in the 
model no additional significant information was added by 
inclusion of cardiac output, stroke volume, RR interval, 
systolic ejection period or the peak instantaneous gradi- 
ent. These observations are consistent with a recent retro- 
spective report by Bengur et al* who noted that Doppler 
mean systolic gradient was the best noninvasive predictor 
of need for intervention in children with valvar AS. Our 
data explain this finding since the mean gradient has been 
shown to relate closely to the peak systolic gradient 
which, in turn, has been the primary basis for clinical 
management decisions in these patients. 

The model derived in the present study indicates that 
the aortic pulse pressure also plays an important role in 
determining peak systolic gradient in children with valvar 
AS. Aortic pulse pressure is affected by severity of valve 
stenosis, degree of aortic regurgitation, LV stroke volume 
and peripheral vascular resistance. Information pertain- 
ing to these hemodynamic factors is contributed to the 
model by aortic pulse pressure data. Figure 3 illustrates 
the importance of aortic pulse pressure in explaining rela- 
tions between pressure gradients in children with AS. As 


illustrated, 2 children with nearly identical peak systolic 
gradients may have widely discrepant mean gradients 
(and peak instantaneous gradients) if aortic pulse pres- 
sures differ substantially. Conversely, for a given mean 
systolic gradient, peak systolic gradient will be lower ifa 
patient's aortic pulse pressure is greater (as explained by 
the model: peak A = 6.02 + 1.49 [mean A] — 0.44 [pulse 
pressure]). 
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Percutaneous Closure of the Small («2.5 mm) Patent Ductus 


Arteriosus Using Coil Embolization 


Patrick A. Cambier, MD, William C. Kirby, MD, Dale C. Wortham, MD, and John W. Moore, MD 


ersistently patent ductus arteriosus (PDA) is a com- 

mon form of congenital heart disease, occurring be- 
tween 0.01 to 0.08% of live births.! Surgical ligation by 
lateral thoracotomy is effective, yet carries procedural 
risks (potential bleeding, recurrent laryngeal nerve inju- 
ry, exposure to general anesthesia and death [<1%]).* In 
1971, Porstmann et al? described the first nonsurgical 
PDA closure with an Ivalon plug with an 18Fr arterial 
conduit. More recently, the Rashkind PDA double disc 
occlusion system has undergone extensive evaluation, 
with flow occlusion accomplished in 72 to 88% of cases 
attempted.^-$ The smaller Rashkind occluder requires an 
8Fr delivery system. Rao et al’ described an occluder 
which may be introduced through a 7Fr catheter and 
reduces the crossing profile required. Nevertheless, tech- 
nical limitations persist in patients whose PDA internal 
diameter is «2.5 mm. 

Techniques to facilitate cannulation of the very small 
ductus by the Rashkind delivery system, involving arteri- 
al cannulation and rendezvous of an exchange wire from 
femoral vein to contralateral artery,? and ductal dilation 
with balloon angioplasty, have been described. These 
techniques require additional manipulations and proce- 
dural time, and may potentially increase patient morbid- 
ity. This report describes experience with an alternative 
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technique for transcatheter closure of the very small duc- 
tus arteriosus using stainless steel coil embolization. 

Between June 1990 and February 1991, 4 patients 
were diagnosed with a very small persistently patent 
ductus, whose parents had requested a nonsurgical clo- 
sure. The diagnosis was made by clinical examination, 
2-dimensional and color flow Doppler. PDA internal 
diameter was estimated by means of color flow charac- 
teristics. Coil embolization as a means of transcatheter 
closure was discussed and informed consent obtained in 
accordance with institutional policy. 

Patients received ketamine sedation at appropriate 
dosage for weight. Cefazolin, 60 mg/kg, was adminis- 
tered intravenously. A 5Fr sheath was placed into the 
femoral vein, and routine right heart pressures and oxy- 
gen saturations were obtained. A 5Fr sheath was placed 
into the femoral artery and a pigtail catheter situated 
proximal to the PDA aortic diverticulum. Heparin, 100 
U/kg, was administered. Aortography was performed in 
the anterior and 90° lateral projections (Figure 1). The 
pigtail catheter was exchanged for a 5Fr Judkins no. 4 
angiographic catheter which was placed into the aortic 
diverticulum. Hand injections of contrast permitted 
PDA size determination. Specific internal diameter 
measurements were obtained by use of magnification 
correction using reference comparison with known angi- 
ographic catheter dimension. The Judkins catheter was 
hand secured in the aortic diverticulum while a 0.038 
inch (wire diameter), 3 mm (helical diameter) X 40 mm 
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FIGURE 1. Lateral aortogram demonstrating patent ductus 
arteriosus (PDA) with contrast entering the main pulmonary 
artery (PA). Ao = descending aorta. 





FIGURE 2. Cessation of ductus flow 15 minutes after success- 
ful coil insertion (arrow). The terminal coil loops are located in 
the pulmonary artery and patent ductus arteriosus aortic di- 
verticulum. Ao — descending aorta. 


(length) Dacron®-stranded stainless steel coil (Cook 
Inc., Bloomington, Indiana) was placed into the proxi- 
mal catheter lumen. The coil was advanced using a 0.038 
inch X 140 cm stiff wire (USCI Inc., Billerica, Massa- 
chusetts). A distal loop was delivered across the PDA 
isthmus and into the main pulmonary artery, after which 
the catheter was slightly withdrawn permitting 2 proxi- 
mal loops to be delivered in the aortic diverticulum. 
Follow-up aortography was performed 10 minutes after 
occlusion (Figure 2). Examination and detailed echo- 
cardiography with pulsed and color flow Doppler imag- 
ing was performed the following day. Long-term follow 
up including clinical examination, pulse and color flow 
Doppler was accomplished 4 to 17 months after coil 
embolization. Routine bacterial endocarditis prophylax- 
is was recommended for a period of 6 months. 





Among the patients, ductus internal diameter ranged 
between 1.4 to 2.5 mm, weight between 6.0 and 17.0 kg 
and age between 6 and 72 months. Successful coil deliv- 
ery and complete flow occlusion was accomplished in all 
(3 of 3) patients with PDA internal diameter «2.5 mm. 
Coil embolization to the left pulmonary artery, requiring 
catheter retrieval, occurred in the largest ductus (2.5 
mm). Because delivery of the coil was optimal in this 
patient, coil occlusion was abandoned. The procedure 
was well tolerated in all cases, and there were no adverse 
sequelae. Fluroscopy time ranged between 12 and 25 
minutes. On the day after embolization, cessation of 
PDA flow, as documented by color flow and pulsed-wave 
Doppler, was demonstrated in patients with successful 
coil delivery. Patients were discharged within 24 hours. 
Follow-up clinical and Doppler echocardiographic eval- 
uation 4 to 17 months after implantation confirmed 
PDA occlusion in all cases. 

Stainless steel coils have been in clinical use since 
1975.?-! Among other applications, coil embolization 
has been used in the management of arteriovenous fistu- 
la, vascular malformations and collateral arteries. Use of 
coils in the occlusion of the persistently PDA represents a 
new application. 

Although surgical closure of the PDA is a safe proce- 
dure, transcatheter closure may become a standard ther- 
apeutic alternative. Up to 24% of the patients under con- 
sideration for transcatheter closure have a PDA internal 
diameter «2.7 mm.!? Many of these patients may be 
amenable to coil occlusion requiring less catheter ma- 
nipulation and shorter procedural time than occlusion 
with the Rashkind system. The technique described here 
appears to be effective in occluding flow of the small 
(«2.5 mm) PDA, and warrants further study. 
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INDICATIONS AND USAGE 

RYTHMOL (propafenone HCI) is indicated for the treatment of documented ventricular arrhythmias, such as 

sustained ventricular tachycardia, that in the judgement of the Aegean are life-threatening. Because of the 

proarrhythmic effects of RYTHMOL, its use should be reserved for patients in whom, in the opinion of the 

physician, the benefits of treatment outweigh the risks. The use of RYTHMOL is not recommended for use in 

patients with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of RYTHMOL for 

i oe of sustained ventricular tachycardia, like other antiarrhythmics, should be initiated in the 
ospital. 

CONTRAINDICATIONS 

RYTHMOL (propafenone HCI) is contraindicated in the presence of uncontrolled congestive heart failure, 

cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of impulse generation and/or 

conduction (e.g., sick sinus node syndrome, atrioventricular block) in the absence of an artificial pacemaker, 

bradycardia, marked hypotension, bronchospastic disorders, manifest electrolyte imbalance, and known 

VUE il to the drug. 

WARNINGS: 


Mortality: In the National Heart Lung and Blood Institute's Cardiac Arrhythmia Suppression Trial (CAST), a 
longterm, multicenter, randomized, double blind study in patients with asymptomatic non life threatening 
ventricular ectopy who had a myocardial infarction more than six days but less than two years previously and 
demonstrated mild to moderate left ventricular dysfunction, an excessive arius | or nonfatal cardiac arrest 
rate was seen in patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of treatment with 
encainide or flecainide in this study was ten months.The stie of these results to other populations 
(e.g.. those without recent myocardial infarction and to other antiarrhythmic drugs) is uncertain, but at 
present it is prudent (1) to consider any IC agent (especially one documented to provoke new serious 
arrhythmias) to have a similar risk and (2) to consider the risks of Class IC agents, coupled with the lack of 
any evidence of improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, symptoms or signs. 
Proarrhythmic Effects 
RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such proarrhythmic 
effects range from an increase in frequency of PVCs to the development of more severe ventricular 
tachycardia, ventricular fibrillation or torsade de pointes; i.e., tachycardia that is more sustained or more rapid 
which may lead to fatal consequences. It is therefore essential that each patient given RYTHMOL be evaluated 
electrocardiographically and clinically prior to, and during therapy to determine whether the response to 
RYTHMOL (propafenone HCI) supports continued treatment. Overall in clinical trials with propafenone, 4.7% 
of all patients had new or worsened ventricular arrhythmia possibly representing a proarrhythmic event (0.7% 
was an increase in PVCs; 4.0% a worsening, or new appearance, of VT or VF). Of the patients who had a 
worsening of VT (4%), 92% had a history of VT and/or VTAVF, 71% had coronary artery disease, and 68% had 
a prior myocardial infarction. The incidence of proarrhythmia in patients with less serious or benign 
arrhythmias, which include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen and the CAST 
study (see above) suggests that an increased risk is present throughout treatment. 
Nonallergic Bronchospasm (e.g., chronic bronchitis, jte 
PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD IN GENERAL NOT RECEIVE PROPAFENONE or other 
agents with beta adrenergic blocking activity. 
Congestive Heart Failure 
During treatment with oral propafenone in patients with depressed baseline function (mean EF=33.5%), no 
Significant decreases in ejection fraction were seen. In clinical trial experience, new or worsened CHF has 
been reported in 3.7% of patients; of those 0.9% were considered probably or definitely related to RYTHMOL. 
Of the patients with congestive heart failure probably related to propafenone, 80% had preexisting heart 
failure and 85% had coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in 
patients who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose related) 
— inotropic effect on cardiac muscle, patients with congestive heart failure should be fully compensated 
before receiving RYTHMOL. If congestive heart failure worsens, RYTHMOL should be discontinued (unless 
congestive heart failure is due to the cardiac arrhythmia) and, if indicated, restarted at a lower dosage only 
after adequate cardiac compensation has been established. 
Conduction Disturbances 
RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average PR interval 
prolongation and increases in QRS duration are closely correlated with dosage increases and concomitant 
increases in propafenone plasma concentrations. The incidence of first degree, second degree, and third 
degree AV block observed in 2,127 patients was 2.5%, 0.6%, and 0.2%, res ectively. Development of second 
or third degree AV block requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block 
1.2%) and intraventricular conduction delay (1 1%) have been reported in patients receiving propafenone. 
radycardia has also been reported (1.5%) Experience in patients with sick sinus node syndrome is limited 
and these patients should not be treated witn propafenone. 
Effects on Pacemaker Threshold 
RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. Pacemakers should be 
monitored and tie accordingly during therapy. 
Hematologic Disturbances 
One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, was seen in U.S. 
Clinical trials. The agranulocytosis appeared after 8 weeks of therapy. Propafenone therapy was Stopped and 
the white count had normalized by 14 days. The patient recovered. In the course of over 800,000 patient 
years of exposure during marketing outside the U.S. since 1978, seven additional cases have been reported. 
In one of these, concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, warrant consideration 
of possible agranulocytosis/granulocytopenia. Patients should be instructed to promptly report the 
development of any signs of infection such as fever, sore throat, or chills. 
PRECAUTIONS 
Hepatic Dysfunction: 
Propafenone is highly metabolized by the liver and should, therefore, be administered cautiously to patients 
with impaired hepatic function. The dose of propafenone given to patients with impaired hepatic function 
should be significantly reduced. Careful monitoring for excessive pharmacological effects (see 
OVERDOSAGE) should be carried out. 
Renal Dystunction: 
A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) are excreted in the 
urine. Until further data are available, RYTHMOL should be administered cautiously to patients with impaired 
renal function. These patients should be carefully monitored for signs of overdosage (see OVERDOSAGE). 
Elevated ANA Titers: 
Positive ANA titers have been reported in patients receiving propafenone. Patients who develop an abnormal 
ANA test should be carefully evaluated and, if persistent or worsening elevation of ANA titers is detected, 
consideration should be given to discontinuing therapy. 
Impaired Spermatogenesis: 
Reversible disorders of spermatogenesis have been demonstrated in monkeys, dogs and rabbits after high 
dose intravenous administration. Evaluation of the effects of short term propafenone administration on 
spermatogenesis in 11 normal subjects D" that propafenone produced a reversible, short term drop 
(within normal range) in sperm count. Subsequent evaluations in 11 patients receiving propafenone 
chronically have suggested no effect of propafenone on sperm count. 
Drug Interactions: Quinidine: Small doses o! quinidine i n inhibit the hydroxylation metabolic 
pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little information to 
recommend concomitant use of propafenone and quinidine. Local Anesthetics: Concomitant use of local 
anesthetics may increase the risks of central nervous system side effects. Digitalis: RYTHMOL produces 
dose related increases in serum digoxin levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day 
propafenone without affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when 
propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation pathway for 
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propranolol and metoprolol (just as quinidine inhibits propafenone metabolism). While the therapeutic rai 
for beta-blockers is wide, a reduction in dosage may be necessary during concomitant administration v 
propafenone. Warfarin: In a study of eight healthy subjects receiving propafenone and warfa 
concomitantly, mean steady-state warfarin plasma concentrations increased 39% with a correspond 


increase in prothrombin times of approximately 25%. It is therefore recommended that prothrombin times 
routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: Concomit 
administration of propafenone and cimetidine in 12 healthy subjects resulted in a 20% increase in stea 
State plasma concentrations of propafenone with no detectable changes in electrocardiographic parame! 
beyond that measured on propafenone alone. Other: Limited experience with propafenone combined v 
calcium antagonists and diuretics has been reported without evidence of clinically significant adve 
reactions. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral dose studies 
mice (up to 360 T and rats (up to 270 mg/kg/day) provided no evidence of a carcinogenic poten 
for propafenone. RYTHMOL was not mutagenic when assayed for genotoxicity. if rom Teratoge 
Effects: Pregnancy Category C.: Propafenone has been shown to be embryotoxic in rabbits and rats wi 
given in doses 10 and 40 times, respectively, the maximum recommended human dose. No teratoge 
potential was apparent in either species. There are no adequate and well controlled studies in pregn 
women. Propafenone should be used during pregnancy only if the potential benefit justifies the potential 
to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and postnatal study in rats, propafenone 
dose levels of 6 or more times the maximum recommended human dose, produced dose dependent increa 
in maternal and neonatal mortality, decreased maternal and pup body weight gain and reduced neon; 
physiological development. Labor and Delivery: It is not known whether the use of propafenone during la 
or delivery has immediate or delayed adverse effects on the fetus, or whether it prolongs the duration of la 
or increases the need for forceps delivery or other obstetrical intervention. Nursing Mothers: It is not knc 
whether this drug is excreted in human milk. Because many drugs are excreted in human milk and becaust 
the potential for serious adverse reactions in nursing infants from RYTHMOL, a decision should be m; 
d discontinue nursing or to discontinue the drug, taking into account the importance of the druc 
the mother. 
Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 
Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates in the m 
commonly reported adverse reactions. Because of the possible increased risk of impaired hepatic or re 
deri in this age group, RYTHMOL should be used with caution. The effective dose may be lower in thi 
patients. 
ADVERSE REACTIONS 
Adverse reactions associated with RYTHMOL (propafenone HCI) occur most frequently in the gastrointestir 
cardiovascular, and central nervous systems. About 20% of patients discontinued due to adverse reactions 
Adverse reactions reported for >1% of 2.127 patients who received propafenone in U.S. clinical trials ; 
pred in the following list. Dizziness, Nausea and/or Vomiting, Unusual Taste, Constipation, Fatig 
yspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, CHF, Ventricular Tachycardia, Dyspep: 
Palpitations, Rash, First Degree AV Block, Diarrhea, Weakness, Dry Mouth, Syncope/Near Syncope, Increa: 
QRS Duration, Chest Pain, Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricu 
Hahei 0 Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, At 
Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 
In addition, the following adverse reactions were reported less frequently than 1% either in clinical trials or 
ma — experience (adverse events for marketing experience are given in italics). Causality and relations| 
to propafenone therapy can not necessarily be judged from these events. Cardiovascular System: Ati 
flutter, AV dissociation, cardiac arrest, flushing, hot flashes, sick sinus syndrome, sinus pause or arre 
supraventricular tachycardia. Nervous System: Abnormal dreams, abnormal spse, abnormal vision, apm 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, seizures (0.39 
tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of patients with liver abnormalit 
associated with p therapy have been reported in foreign postmarketing experience. Sor 
appeared due to hepatocellular injury, some were cholestatic and some showed a mixed picture. Some 
these reports were simply discovered through clinical chemistries, others because of clinical symptoms. 0 
case was rechallenged with a positive outcome. Cholestasis (0.196), elevated liver enzymes (alkali 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: Agranulocytos 
anemia, bruising, granulocytopenia, increased ny f time, leukopenia, purpura, thrombocytopenia. Othi 
Alopecia, eye irritation, hyponatremia/inappropriate ADH secretion, impotence, increased glucose, kidn 
failure, positive ANA (0.7%), lupus erythematosis, muscle cramps, muscle weakness, nephrotic syndrom 
pain, pruritus. 
OVERDOSAGE 
The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, may inclui 
hypotension, somnolence, bradycardia, intraatrial and intraventricular conduction disturbances, and rare 
convulsions and high grade ventricular arrhythmias. Defibrillation as well as infusion of dopamine ai 
isoproterenol have been effective in controlling rhythm and blood pressure. Convulsions have been alleviati 
with intravenous diazepam. General supportive measures such as mechanical respiratory assistance at 
external cardiac massage may be necessary. 
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Left Atrial Spontaneous Echocardiographic Contrast After Heart 


Transplantation 


Esteban G. Torrecilla, MD, Miguel A. García-Fernández, MD, Daniel San Román, MD, 
Roberto Mufióz, MD, Jesüs Palomo, MD, and Juan L. Delcán, MD 


Serres echocardiographic contrast constitutes 
an interesting phenomenon initially described in 
large poorly contractile left ventricles.! These smoke-like 
discrete reflectances were previously identified in intra- 
atrial blood by transthoracic echocardiography.” * Since 
the advent of transesophageal echocardiographic (TEE) 
studies, left atrial spontaneous contrast has been observed 
with increasing frequency in patients with atrial fibrilla- 
tion, mitral valve disease or replacement, or both; it has 
not been detected in the absence of clinically identified 
cardiac disease. In addition, left atrial smoke-like echoes 
have created a growing interest because this phenomenon 
has been invocated as a potential risk factor for arterial 
thromboembolism.59 We report our experience with re- 
gard to spontaneous left atrial contrast in a consecutive 
series of orthotopic cardiac transplant patients who un- 
derwent a TEE study. 

After informed consent, 38 consecutive transplant pa- 
tients (33 men, mean age 52 + 9 years) were studied in 
our laboratory by transthoracic and TEE approaches. 
The time interval between cardiac transplantation and 
the TEE examination was 8.5 + 9.6 months (range 2 to 
32). The latter technique has been described in detail 
elsewhere.’ Mean follow-up from cardiac transplanta- 
tion to August 1991 was 15.2 + 9.7 months. TEE study 
was performed with the patient in the fasting state using 
small amounts of oral sedation and topical pharyngeal 
anesthesia. All studies were performed using a 5 MHz 
TEE probe (Hewlett-Packard). Standard views were re- 
corded in all patients, and both short and long left atrial 
dimensions as well as left atrial area were measured in 
the 4-chamber view as displayed by transthoracic win- 
dow. We defined left atrial spontaneous contrast as the 
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FIGURE 1. A, absence of spontaneous echo- 
cardiographic contrast within the left atrium 
(LA) of a transplant patient. B, presence of 
the latter phenomenon in another heart trans- 
plant patient. LV = left ventricle; RA = right 
atrium; RV = right ventricle; St = left atrial 
free wall suture. 





presence of dynamic swirling intracavitary echoes using 
appropriate gain settings. If the presence of spontaneous 
contrast was suspected, the gain settings were decreased 
in a stepwise fashion to exclude white noise artifact as a 
result of excessive gain; then the gain was adjusted to 
optimize visualization. All studies were reviewed by 2 
independent observers with regard to the presence or 
absence of atrial spontaneous contrast. All patients were 
taking antiplatelet therapy (aspirin, 300 mg/day) as a 
part of our standard management after transplantation 
and no patient was taking coumarin-type drugs during 
follow-up. There were no patients with atrial fibrillation 
after cardiac transplantation. 

Left atrial dimensions were found consistently large 
(long axis, 71 + 9.6 mm; short axis, 40 + 8.2 mm; and 
left atrial area, 29 + 8 cm’). Spontaneous contrast in the 
left atrium was noted in 16 patients by transesophageal 
echocardiography (42%) (Figure 1). A less evident spon- 
taneous contrast was observed within the right atrium 
only in 2 patients; these patients also had obvious dy- 
namic intracavitary left atrial echoes. No patient had 
left atrial thrombotic formation after careful examina- 
tion. Long and short-axis left atrial dimensions of pa- 
tients with and without dynamic intracavitary echoes 
were: 78.3 + 9.5 mmus 65 + 5 mm (p <0.001), and 44.4 
+ 8.7 mm vs 35.5 + 5.3 mm (p <0.001), respectively. 
Similarly, left atrial areas in both groups of patients 
were: 35.4 + 7.1 cm? vs 24.3 + 5.1 cm? (p <0.001) 
(Figure 2). During a mean follow-up of 17.8 + 10.7 
months, there was no thromboembolic episode clinically 
detected in patients with left atrial echo contrast. On the 
other hand, there was no statistically significant differ- 
ence in the time interval from cardiac transplantation to 
the echocardiographic study in patients with and without 
intraatrial spontaneous contrast: 10.8 + 10.7 months 
(range 2 to 32) for patients with dynamic intracavitary 
echoes, and 6.8 + 8.5 months (range 1.5 to 29) for pa- 
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FIGURE 2. Left atrial dimensions in patients with and without 
left atrial spontaneous echo contrast. LA LD = left atrial long 
diameter; LA SD = left atrial short diameter; LASEC = left 
atrial echocardiographic contrast. 


tients without the latter finding (p = not significant). 
One patient died from septicemia. 

Our study shows a surprisingly high incidence of 
smoke-like left atrial echoes in heart transplants. With 
regard to this phenomenon, preliminary data of a recent 
smaller series reported by Angermann et al? shows an 
incidence of 29%. However, the latter investigators found 
left atrial thrombus in 2 of the 14 patients studied 
(14.396).5 Our experience is quite different. After a care- 
ful examination of the left atrial cavity, with special at- 
tention to the niche underneath the prominent left atrial 
free wall suture of these patients, we found no suggestive 
images of thrombotic formations. In addition, no patient 
developed arterial embolization during follow-up. Our 
results are in agreement with the conclusions of Castelló 
et al? in a recent article. They found the presence of atrial 
fibrillation, prosthetic mitral valve and atrial size as the 
independent predictive factors for the existence of left 
atrial spontaneous contrast. As known, orthotopic cardi- 
ac transplantation implies the anastomosis of donor and 
recipient atrial components leading to structurally abnor- 
mal atrial cavities with prominent sutures and enlarged 
dimensions (Figure 1). The increased atrial size of these 
patients could explain, at least in part, the presence of 
dynamic intracavitary echoes within the left atrium. In 
fact, patients with greater left atrial diameters and areas 
had an increased incidence of that phenomenon, although 
considerable overlap between left atrial dimensions of 
both groups was observed (Figure 2). 

Spontaneous contrast has been cited as an indicator of 
an increased thromboembolic risk.5$ However, our re- 
sults differ in the latter aspect. In the previously men- 
tioned report of Castelló et al,> atrial fibrillation was 
selected as the only independent clinical predictor of left 


atrial thrombus. After cardiac transplantation, none of 
our patients had atrial fibrillation. Atrial performance in 
cardiac transplant, although dissociative in nature by the 
asynchronous electrical activity of both atrial compo- 
nents, maintains some effective mechanical activity.? It 
suggests a possible explanation to the absence of throm- 
bus development observed in our series of transplant pa- 
tients. As already mentioned, spontaneous contrast has 
been mainly described in mitral valve disease or mitral 
prosthesis; both conditions are frequently associated with 
atrial fibrillation. Thus, heart transplant atria constitute 
a unique example of anatomic substrate of spontaneous 
contrast without mitral valve disease and mechanically 
effective atria. Obviously, we cannot exclude some influ- 
ence of the asynchronous contractions of both atrial com- 
ponents on the development of this phenomenon. Al- 
though the development of spontaneous contrast still re- 
mains to be clearly understood, it has been suggested that 
red cell aggregates occurring during blood stasis condi- 
tions could be responsible for that phenomenon. How- 
ever, neither warfarin nor aspirin therapy alters the echo 
contrast.!9.!! Nevertheless, we cannot exclude some influ- 
ence of antiplatelet therapy on the lack of intraatrial 
thrombus observed in our patients. 

The low incidence of right atrial spontaneous contrast 
observed in our patients is in agreement with earlier re- 
ports,?5 and its explanation has not been established. 
However, there are no longitudinal studies looking at the 
behavior of echocardiographically proven left atrial spon- 
taneous echoes and their clinical significance. In conclu- 
sion, although further studies are warranted to clarify the 
prognosis, clinical implications and appropriate manage- 
ment of patients with spontaneous contrast, our results 
indicate that the presence of that phenomenon seems not 
to be a predictor of increased thromboembolic risk in 
transplanted patients at least during the mentioned fol- 
low-up. 
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Intraaortic Debris as a Potential Source of Embolic Stroke 
David C. Rubin, MD, Gary D. Plotnick, MD, and Mary W. Hawke, MD 


t is estimated that 10 to 20% of strokes are due to 

embolic phenomena.! Patients with embolic strokes 
are often referred for echocardiographic evaluation to 
identify potential cardiac sources of emboli. Transthorac- 
ic echocardiography (TTE) is often unsuccessful in iden- 
tifying an embolic source. Transesophageal echocardiog- 
raphy (TEE) has been shown to have a higher sensitivity 
for identifying sources of emboli, but in almost 50% of 
these patients, no cardiac source of emboli is found.’ 
However, the heart is only 1 possible source of emboli. 
For many years, atherosclerotic lesions in the carotids 
and ascending aorta have been known to generate debris 
that embolize distally to produce cerebral ischemia.*“ 
TEE offers the ability to visualize the intimal surface of 
the thoracic aorta and allows detection of atherosclerotic 
lesions that may have the potential for embolization.? 
This study examines whether patients with embolic 
strokes referred to find the cardiac source of emboli have 
complex aortic atherosclerotic plaques more often than 
do age-matched control subjects. 


From the Division of Cardiology, Room S2C22, University of Mary- 
land Hospital, 22 S. Greene Street, Baltimore, Maryland 21201. Manu- 
script received September 26, 1991; revised manuscript received No- 
vember 25, 1991, and accepted November 30. 


FIGURE 1. A, mild plaque 
(smooth surface, no ulcer- 
ation, and protruding «0.75 
cm into aortic lumen); B, 
complex debris with plaque 
protruding >0.75 cm into 
aortic lumen; C, complex de- 
bris with ulcerated cavity 
>0.5 cm in depth; and D, 
complex debris with adherent 
mobile thrombus. 


Between September 1989 and March 1991, we en- 
rolled 64 consecutive stroke patients referred by the neu- 
rologic service for TEE. All 64 patients were thought by 
a neurologist to have embolism as a mechanism of stroke 
based on complete neurologic evaluation, including CT 
scan or magnetic resonance imaging, or both. Carotid 
ultrasound scanning for atherosclerotic disease was ei- 
ther negative or inconclusive, and all patients were re- 
ferred for TEE to find potential cardiac sources of em- 
boli. Prior TTE did not reveal the source of emboli in any 
patient. The control group consisted of 50 consecutive 
patients aged >40 years who were referred for TEE 
during the same time period for any indication other 
than the source of emboli, or aortic dissection. 

Examinations were performed in all patients using a 
5 MHz monoplane phased array transesophageal probe 
and the Hewlett Packard Sonos 500. All patients were 
prepared according to standard protocol (no oral intake 
6 to 12 hours before procedure, topical anesthesia to the 
oral pharynx with aerosolized lidocaine, and intrave- 
nous sedation with midazolam and demerol). A com- 
plete 2-dimensional echocardiographic examination was 
performed using standard views as described by the 
Mayo Clinic The heart was evaluated for potential 
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TABLE I Assessment of Atherosclerotic Plaque 


Type of Stroke Patients Control Patients 
Plaque (n = 64) (n = 50) p Value 









No atherosclerotic lesions 38 (60%) 41 (82%) 







Mild to moderate athero- 15 (23%) 7 (14%) 
sclerotic plaque 
Complex intraaortic debris — 11 (17%)* 2 (496) « 0.03 





*Two patients in this group had other potential sources of emboli (1 left atrial 
thrombus and 1 patent foramen ovale with right-to-left shunt). 


sources of emboli, established by Pearson et al.? These 
sources included thrombus in the left atrium or ventricle, 
presence of a right-to-left shunt, vegetation on the mitral 
or aortic valves, intraatrial septal aneurysm and mitral 
valve prolapse. All studies included evaluation of the 
proximal ascending aorta, distal aortic arch and de- 
scending thoracic aorta from its origin to the level of the 
diaphragm. No patient in either group was excluded on 
the basis of unsatisfactory TEE. 

The aorta was examined for the presence of increased 
intimal thickness or irregularities. For each study, the 
thoracic aorta was categorized as having no atheroscle- 
rotic lesions, mild to moderate plaque, or complex in- 
traortic debris (Figure 1). A lesion was considered com- 
plex if it had 21 of the following morphologies: (1) 
protruding plaque (convex in contour) extending >0.75 
cm into the aortic lumen, (2) ulcerated plaque with ulcer 
cavity 20.5 cm in depth, and (3) plaque with adherent 
mobile thrombus. Less severe atherosclerotic lesions not 
meeting any of these criteria were considered with the 
mild to moderate plaque group. 

Statistical comparison between the 2 groups was per- 
formed using the Student t test, and significance was 
considered at the 0.05 level. 

Mean age of the 64 stroke patients (30 men and 34 
women) was 60 + 1.5 (SEM) years (range 40 to 87), and 
that of the 50 control patients (22 men and 28 women) 
was 61 + 1.7 (range 40 to 89). There were no significant 
differences in age or sex between the 2 groups. Table I 
demonstrates the atherosclerotic plaque assessment in 
the 2 groups. Of the 64 stroke patients, 11 had complex 
atherosclerotic debris within the thoracic aorta, whereas 
only 2 in the control group had similar findings (p 
<0.03). The occurrence rates of no to moderate athero- 
sclerotic changes did not differ between the 2 groups. Of 
the 11 stroke patients with complex debris, 9 had no 
other potential cardiac source of emboli identified. 


In this study, complex atherosclerotic lesions of the 
thoracic aorta were found more often in patients with 
suspected embolic strokes referred to our TEE laboratory 
than in age-matched control subjects. These complex aor- 
tic lesions were visualized when no other source of emboli 
had been identified. Despite the embolic potential of these 
complex lesions, a direct causal relation between their 
presence and the stroke event has not been established. 

There are several limitations of our study. First, a 
single-plane transesophageal probe evaluation of the 
thoracic aorta is limited to the proximal ascending seg- 
ment and the portion extending from the distal arch to the 
level of the diaphragm. Many of the lesions we identified 
were located in the descending portion. Atherosclerotic 
changes tend to occur diffusely, and it is possible that 
these distal complex lesions serve as markers for concur- 
rent lesions in the aorta proximal to the origins of the 
carotid arteries and possibly within the carotid arteries as 
well. The use of a biplane TEE probe would enable more 
complete visualization of the ascending thoracic aorta. 
Furthermore, referral to our echocardiographic laborato- 
ry may reflect selection bias, and only a portion of all 
embolic stroke patients were referred. 

Despite these limitations, it is likely that TEE will be 
useful in identifying complex intraaortic debris in a large 
number of patients with embolic strokes previously classi- 
fied as being from an unknown source. Whether these 
lesions are the primary source of emboli or serve as mark- 
ers of diffuse atherosclerotic vascular disease remains to 
be seen. We suggest a larger prospective study of this 
phenomenon to more thoroughly elucidate their signifi- 
cance. 


1. Cerebral Embolism Task Force. Cardiac brain embolism. Arch Neurol 
1989:46:727-742. 
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CORGARD' TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 


CONTRAINDICATIONS: Bronchia! asthma, sinus bradycardia and greater than first degree 
conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure-Sympathetic stimulation may be a vital component 
supporting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with caution in patients with a 
history of failure who are well compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digita is on heart muscle. 
IN PATIENTS WITHOUT A HISTCRY OF HEART FAILURE, continued use of beta- 
blockers can, in some cases, lead to cardiac failure; therefore, at first sign or symptom of 
heart failure, digitalize and/or give diuretics, and closely observe response, or discontinue 
nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal- 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial 
infarction have occurred after abrupt discontinuation of such therapy. When 
discontinuing chronic use of nadolol. particularly in patients with ischemic heart 
disease, gradually reduce dosage over a 1- to 2-week period and carefully monitor 


the patient. Reinstitute nadolol promptly (at least temporarily) and take other 
measures appropriate for management of unstable angina if angina markedly 
worsens or acute coronary insufficiency develops. Warn patients not to interrupt or 
discontinue therapy without physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to discontinue nadolol 
therapy abruptly even in patients treated only for hypertension. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)-PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
BLOCKERS. Administer nadolol with caution since it may block bronchodilation produced 
by endogenous or exogenous catecholamine stimulation of beta; receptors. 

Major Surgery-Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. If possible, withdraw beta- 
blockers well before surgery takes place. In emergency 
surgery, inform the anesthesiologist that the patient is on 
beta-blocker therapy. Use of beta-receptor agonists such 
as isoproterenol, dopamine, dobutamine, or levarterenol 
can reverse the effects of nadolol. Difficulty in restarting 
and maintaining the heart-beat has also been reported with 
beta-adrenergic receptor blocking agents. 

Diabetes and Hypoglycemia—Beta-adrenergic 
blockade may prevent the appearance of premonitory signs 
and symptoms (eg, tachycardia and blood pressure 
changes) of acute hypoglycemia. This is especially 
important with labile diabetics. Beta-blockade also reduces 
release of insulin in response to hyperglycemia; therefore, it 
may be necessary to adjust dose of antidiabetic drugs. 

Thyrotoxicosis—Beta-adrenergic blockade may mask 
certain clinical signs (eg, tachycardia) of hyperthyroidism. 
To avoid abrupt withdrawal of beta-adrenergic blockade 
which might precipitate a thyroid storm, carefully manage 
patients suspected of developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal Function—Use nadolol 
with caution (see DOSAGE AND ADMINISTRATION 
section of package insert). 

Information for Patients—Warn patients, especially 
those with evidence of coronary artery insufficiency, against 
interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarely occurs in properly 
selected patients, advise patients being treated with beta- 
adrenergic blocking agents to consult physician at first sign 
of impending failure. Advise patients in event of missed 
doses. 

Drug Interactions—Concurrent administration may 
result in interactions with: Anesthetics, general— 
exaggeration of the hypotension induced by general 
anesthetics (see WARNINGS, Major Surgery). Antidiabetic 
drugs (oral agents and insulin)-hypoclycemia or 
hyperglycemia; adjust antidiabetic drug dosage accordingly 
(see WARNINGS, Diabetes and Hypoglycemia). Catecholamine-depleting drugs (eg, 
reserpine)-additive effect; monitor closely for hypotension and/or excessive bradycardia. 

Response to Treatment for Anaphylactic Reaction-While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a variety of allergens may be 
more reactive to repeated challenge, either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine used to treat allergic 
reaction. 

Carcinogenesis, Mutagenesis, Impairment of Fertility-In 1- to 2-year oral 
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toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy Category C-In animal reproduction studies with nadolol, evidence of 
embryo- and fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 
10 times greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic 
potential was seen in any of these species. There are no well-controlled studies in 
pregnant women; therefore, use nadolol in pregnant women only if potential benetit 
justifies potential risk to the fetus. Neonates of mothers who received nadolol at parturition 
have exhibited bradycardia, hypoglycemia, and associated symptoms. 

Nursing Mothers-Nadolol is excreted in human milk. Exercise caution when nadolol 
is administered to a nursing woman. 

Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular-Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, 
usually of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac 
failure, hypotension, and rhythm/conduction disturbances have each occurred in about 
1 of 100 patients. Single instances of first degree and third degree heart block have been 
reported; intensification of AV block is a known effect of beta-blockers (see also 
CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System-Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory-Bronchospasm reported in approximately 1 of 1000 patients (see 
CONTRAINDICATIONS and WARNINGS). Gastrointestinal-Nausea, diarrhea. 
abdominal discomfort, constipation, vomiting, indigestion, anorexia, bloating, and 
flatulence each reported in 1 to 5 of 1000 patients. Miscellaneous—Each of the following 
reported in 1 to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; 
impotence or decreased libido; facial swelling; weight gain; slurred speech; cough; nasa! 
stuffiness; sweating; tinnitus; blurred vision; infrequent reversible alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or 
other beta-adrenergic blocking agents, but no causal relationship to nadolol has been 
established. Central Nervous System-reversible mental depression progressing to 
catatonia; visual disturbances; hallucinations; an acute reversible syndrome characterized 
by disorientation for time and place; short-term memory loss, emotional lability with slightly 
clouded sensorium; decreased performance onneuropsychometrics. 
Gastrointestinal-mesenteric arterial thrombosis; ischemic colitis; elevated liver enzymes. 
Hematologic- agranulocytosis;thrombocytopenic or 
nonthrombocytopenic purpura. Allergic-fever combined 
with aching and sore throat; laryngospasm; respiratory 
distress. Miscellaneous-pemphigoid rash; hypertensive 
reaction in patients with pheochromocytoma; sleep 
disturbances; Peyronie's disease. The 
oculomucocutaneous syndrome associated with practolol 
has not been reported with nadolol. 

OVERDOSAGE: Nadolol can be removed trom the general 
circulation by hemodialysis. In addition to gastric lavage, 
employ the following measures as appropriate. In 
determining duration of corrective therapy, take note of 
long duration of effect of nadolol. 

Excessive Bradycardia—Administer atropine (0.25 to 


administer isoproterenol cautiously. 

Cardiac Failure—Administer a digitalis glycoside and 
diuretic. It has been reported that glucagon may also be 
useful in this situation. 

Hypotension—Administer vasopressors, eg, 
epinephrine or levarterenol. (There is evidence that 
epinephrine may be the drug of choice.) 

Bronchospasm-Administer a beta,-stimulating agent 
and/or a theophylline derivative. 

DOSAGE-For all patients, DOSAGE MUST BE 
INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd: 
may be gradually increased in 40 to 80 mg increments at 3 
to 7 day intervals until optimum clinical response or 
pronounced slowing of the heart rate; usual maintenance 
dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily 
may be needed). If treatment is to be discontinued, reduce 
dosage gradually over a period of 1 to 2 weeks (see 
WARNINGS). 

For hypertension. usual initial dose is 40 mg ad; 
gradually increase in 40 to 80 mg increments until optimum 
blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg qd (doses up 
to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. 
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1.0 mg). If there is no response to vagal blockace, * 


For full prescribing information consult package insert. + 


HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per 
tablet in bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 
1000 tablets. The 20 mg, 40 mg, and 80 mg tablets are also available in Unimatic” unit- 
dose packs of 100 tablets. 


Convenient once-daily dosing 


20 mg 


Also available in 120 mg and 160 mg tablets 
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Fibrin Modification by lonic and Nonionic Contrast Media During 


Cardiac Catheterization 


Christopher B. Granger, MD, Don A. Gabriel, MD, PhD, Neil S. Reece, BS, Emily Boothroyd, BA, 
Michael B. Harding, MD, J. Kevin Harrison, MD, Yihong Kong, MD, and Thomas M. Bashore, MD 


T he rare but serious complication of thromboembo- 
lism during cardiac catheterization is believed to be a 
result of an imbalance between the prothrombotic nature 
of the invasive procedure and the antithrombotic effects 
of adequate catheter flushing and of the contrast agents 
themselves. Although thrombotic complications may oc- 
cur as a result of an identifiable problem in procedural 
technique, thrombosis sometimes occurs without expla- 
nation.! Both ionic and nonionic contrast media are 
known to have an inhibitory effect on platelet aggregation 
and blood clotting in vitro?-?; however, nonionic contrast 
has been shown to have a less inhibitory effect??? and 
therefore could theoretically result in a greater tendency 
for thrombosis.!° Hwang et al!! showed that use of the 
nonionic agents iohexol and iopamidol was associated 
with coronary thromboembolism during cardiac cathe- 
terization in dogs, whereas the ionic agents ioxaglate and 
diatrizoate were not associated with such clotting compli- 
cations. 

It has also been observed that clots embolized into 
coronary arteries during catheterization are particularly 
difficult to dissolve with thrombolytic therapy.'* Both the 
ionic contrast agent diatrizoate and the nonionic agent 
iopamidol have been shown in vitro to cause changes in 
fibrin assembly and structure, resulting in thin fibrin 
fibrils, which render the fibrin resistant to fibrinolysis. 
Fibrin with low mass/length ratio in certain disease states 
has been shown to be resistant to fibrinolysis.'? 

Demonstration of fibrin changes in vivo during cardi- 
ac catheterization would provide further evidence that 
the in vitro changes have clinical relevance, including 
providing a possible explanation for why contrast-in- 
duced thrombus is resistant to fibrinolysis. This study 
evaluates the effects of ionic and nonionic contrast media 
on fibrin assembly and structure by analyzing samples 
obtained at critical times and anatomic locations during 
cardiac catheterization. 

Twenty-three patients undergoing cardiac catheter- 
ization between March 14, 1990, and July 12, 1990, were 
prospectively studied. Exclusion criteria were as follows: 
history of bleeding disorder, hypercoagulable state, 
treatment with warfarin or heparin, hematocrit <30%, 
platelet count <150,000, abnormally elevated protime 
or partial thromboplastin time, uncontrolled angina at 
rest, or myocardial infarction within 3 months. The indi- 
cation for cardiac catheterization was suspicion of coro- 
nary artery disease due to chest pain or a positive func- 
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tional study in 17 (74%), valvular heart disease or con- 
gestive heart failure, or both, in 5 (22%) and arrhythmia 
in 1 (4%). The study protocol was approved by the Insti- 
tutional Review Board, and all patients gave informed 
consent before participating. 

After premedication with 25 mg of intravenous 
diphenhydramine hydrochloride, diagnostic left-sided 
cardiac catheterization was performed by the percutane- 
ous femoral route. Other than routine catheter and 
sheath flushing with heparinized saline solution (10 
U/ml of heparin), no systemic heparin was administered. 

Either the nonionic iohexol (Omnipaque-3609, Win- 
throp-Breon) or the ionic diatrizoate meglumine (Hy- 
paque-76®, Winthrop-Breon) was used as the contrast 
agent for both coronary angiography and ventriculog- 
raphy. 

STUDY PROTOCOL AND SAMPLE COLLECTION: Before each 
sample acquisition, the sheath or catheter lumen was 
flushed with 5 ml unheparinized saline solution, if sam- 
pling was not immediately after contrast injection. Sam- 
ples of the following volumes of blood were collected into 
10 ml plastic syringes at the following sites and times, 
with 3 ml of blood withdrawn and discarded before each 
sampling unless otherwise stated: 

1. Seven ml from the femoral vein through an 18 
gauge needle before sheath placement. 

2. Seven ml from the left coronary artery ostium 
through a 7Fr Cordis Judkins left coronary catheter 
before any contrast injection. 

3. Two ml from the left coronary artery ostium (after 
withdrawal and discarding the first 1.5 ml which is the 
volume in the catheter lumen, consisting primarily of 
contrast) after about 5 ml of contrast injection, with 
sampling immediately on terminating the injection. 

4. Seven ml from the 8Fr femoral arterial sheath 
immediately before ventriculography. 

5. Seven ml from the sidearm of the femoral arterial 
sheath drawn over 3 seconds during ventricular contrast 
injection of 45 ml contrast at 15 ml/s. 

6. Seven ml from the 5Fr femoral venous sheath after 
the procedure, taken about 60 seconds after the final 
contrast injection. 

After each sample, the sidearm or catheter lumen 
was flushed with heparinized saline solution. 

SAMPLE HANDLING AND ANALYSIS: Collected blood was 
immediately transferred from 10 ml plastic syringes to 
precooled (4? C) glass test tubes and mixed with citrate 
5:1 (blood/citrate). Samples promptly were centrifuged 
twice, once at 200 g for 10 minutes to remove white and 
red blood cells, and then at 800 g to pellet platelets. The 
platelet-poor plasma was then frozen at —80°C until 
further analysis. 

LIGHT SCATTERING MEASUREMENTS: Plasma-derived 
fibrin gels for mass/length determination were per- 
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formed as previously described.'^ The mass-length ratio 
measurement is a reflection of the thickness, density and 
length of the fibrin fibers. In these experiments, ionic 
strength and variation in polymerization buffers were 
carefully controlled so that the effect of the contrast 
agent could be isolated and studied. 

ESTIMATION OF PLASMA CONTRAST MEDIA CONCENTRA- 


TION: Refractive index measurements (Bausch and 
Lomb Abbe-3L refractometer) were used to estimate the 
concentration of contrast media in plasma. 

The data for continuous variables are expressed as 
mean + standard deviation, for ordinal variables or non- 
normally distributed variables as median (25th/75th 
percentile). Paired Student's t test was used to test the 
difference between samples before and after contrast in- 
Jection, and unpaired Student's t test was used to test the 
relevance of the differences seen between ionic versus 
nonionic contrast. 

Baseline patient characteristics of 12 patients given 
ionic contrast and 11 patients given nonionic contrast 
were similar in median age, gender makeup, and propor- 
tion taking aspirin. The incidence of prior angina in the 
ionic group was 92 vs 64% in the nonionic group, and 
none of the patients in the ionic group had a history of 
symptomatic congestive heart failure versus 45% in the 
nonionic group. 
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FIGURE 1. Mean fibrin mass/length ratios (u) expressed as 
daltons/cm x 101! in samples from the femoral vein before 
and after the procedure, from the coronary artery before and 
after contrast injection, and from the femoral artery sheath 
before and during ventricular contrast injection. NS = not sig- 
nificant. 
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FIGURE 2. Mean fibrin mass/length ratios (u) expressed as 
daltons/cm X 101! in samples from the coronary artery before 
and after contrast injection in the ionic and nonionic groups. 


The mean total volume of contrast administered was 
the same in the ionic and nonionic groups (175 ml). The 
mean total volume of heparinized saline flush was also 
similar in the 2 groups. Median ejection fraction was 
63% in the ionic group and 54% in the nonionic. Two 
thirds of the patients had some coronary disease, and the 
extent was similar in the 2 groups. 

Mean mass/length ratios for samples from the entire 
patient group are shown in Figure 1. Samples taken from 
the femoral vein before and after the procedure revealed 
no difference in the fibrin mass/length ratio. Samples 
from the proximal left coronary artery before and imme- 
diately after initial contrast injection showed nearly a 
fourfold reduction in mean mass/length ratio, from 8.50 
+ 4.11 to 2.28 + 2.02 X 10!! daltons/cm (p «0.0001). 
Likewise, samples taken from the femoral artery sheath 
immediately before and during the ventricular contrast 
injection revealed a significant reduction in mean mass/ 
length ratio, from 8.30 + 2.82 to 5.42 + 3.11 X 10!! 
daltons/cm (p = 0.0005), related to the administration 
of contrast. 

Figures 2 and 3 illustrate the effects of ionic versus 
nonionic contrast on fiber mass/length ratio from the 
coronary and femoral artery samples, respectively. Both 
ionic and nonionic contrast resulted in significant reduc- 
tions in mean fiber mass/length ratios in the coronary 
artery before and after contrast injection (7.36 + 4.11 to 
1.55 + 0.65 and 9.42 + 4.09 to 2.86 + 2.56 X 10!! 
daltons/cm, respectively). In the femoral artery before 
and during ventriculography, ionic contrast resulted in a 
significant change, from 8.47 + 3.19 to 4.63 + 3.36 X 
10!! daltons/cm (p = 0.002), and nonionic contrast re- 
sulted in a smaller change, which did not reach statisti- 
cal significance (p = 0.09), from 7.69 + 2.53 to 6.21 + 
2.80 X 10!! daltons/cm. 

Approximate concentrations of contrast were esti- 
mated by refractive index measurements, and demon- 
strated that the highest concentrations of contrast were 
from the coronary artery following injection of contrast 
(mean 190 + 120 mM, n= 18), and the next highest 
concentrations were in the samples from the femoral 
sheath during ventriculography (mean 110 + 60 mM, 
n= 15). 
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FIGURE 3. Mean fibrin mass/length ratios (u) expressed as 
daltons/cm X 101! in samples from the femoral arterial sheath 
before and during ventricular contrast injection in the ionic 
and nonionic groups. 
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The results of this study indicate that contrast me- 
dia administered during routine cardiac catheterization 
causes changes in fibrin assembly and structure charac- 
terized by thin fibrin fibers. Despite concern over a poten- 
tially greater tendency for thrombosis using nonionic con- 
trast, owing to its less pronounced anticlotting activity, 
with regard to the modification of fibrin, both ionic and 
nonionic contrast cause an alteration in fibrin assembly. 

The observation that samples drawn from the femoral 
vein before and after the procedure showed no difference 
in fibrin structure suggests that the changes induced are 
local and transient, occurring most prominently at the 
site and time of contrast/blood mixing in areas of highest 
contrast concentration, and not resulting in a systemic 
state that alters fibrin structure. 

Because reports indicate that the most common clini- 
cally important sites of clot formation include the cathe- 
ter tip and the coronary arteries at the time of injection of 
contrast media, this site was sampled by withdrawing the 
blood /contrast mixture immediately after injection in the 
coronary ostium. The sample to be analyzed was taken 
after discarding the amount of volume of contrast con- 
tained in the catheter, and a small sample volume of 2 ml 
was chosen to avoid overly diluting the sample with unex- 
posed blood. This sample after contrast injection demon- 
strated a highly significant modification of fibrin, both 
after ionic and nonionic contrast administration. Al- 
though this sample was taken to approximate the in vivo 
environment of blood-contrast mixture, it is possible that 
withdrawing the sample through the catheter that con- 
tained contrast caused changes due to sampling tech- 
nique and the results were not reflective of true in vivo 
changes. 

The set of samples taken from the femoral arterial 
sheath before and during left ventriculography also dem- 
onstrated a significant change in fibrin structure in the 
presence of contrast, and this sampling avoided the poten- 
tial effect of sampling through a conduit that contained 
contrast, because the femoral arterial sheath was never 
directly exposed to contrast. This suggests that pure in 
vivo mixing of contrast and blood results in the noted 
changes in fibrin. 

Although the sample size is small and the study was 
not designed to look for the effect of variables other than 
contrast administration, we found no association in the 
mass/length ratio and the total volume of contrast used, 
the extent of coronary disease, the status of left ventricu- 
lar function, patient gender or pretreatment with aspirin. 


Although heparin would not be expected to prevent the 
modification of fibrin observed, we did not test for such 
an effect and therefore can make no conclusions as to a 
possible preventative effect of prior systemic hepariniza- 
tion. 

The intravascular introduction of foreign material al- 
tering or interrupting blood flow is associated with throm- 
boembolic complications. Contrast media in vitro has 
been shown to inhibit clotting through effects on platelets 
and coagulation, and nonionic contrast is less inhibitory 
than ionic contrast in vitro. It has been observed that 
coronary thromboembolism complicating cardiac cathe- 
terization is characterized by resistance to thrombolysis. 
In vitro, contrast has been shown to cause modification of 
fibrin so that the fibrils are thin and the fibrin is resistant 
to lysis. In this study, we have demonstrated that these 
changes in fibrin structure occur in vivo during routine 
cardiac catheterization and that the changes occur in the 
presence of either ionic or nonionic contrast. 
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Age-Associated Changes in Left Ventricular Diastolic Performance 
During Isometric Exercise in Normal Subjects 


Christian J. Swinne, MD, Edward P. Shapiro, MD, Sandra D. Lima, and Jerome L. Fleg, MD 


AU systolic left ventricular (LV) function at 
rest has been shown to be unaffected by advancing 








From the Laboratory of Cardiovascular Science, Gerontology Research 
Center, National Institute on Aging, and Division of Cardiology, Fran- 
cis Scott Key Medical Center, 4940 Eastern Avenue, Baltimore, Mary- 
land. Manuscript received July 19, 1991; revised manuscript received 
November 25, 1991, and accepted November 30. 


age, ? numerous investigations have demonstrated an 
age-associated decline in early diastolic filling rate, ini- 
tially determined from the mitral valve E/F closure 
slope,'? and more recently by Doppler-derived peak E- 
wave velocity ^ $ and radionuclide ventriculographic peak 
filling rate.^? Conversely, by both of these latter tech- 
niques older subjects show an augmented atrial contribu- 
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TABLE I Age Regressions at Rest of Echo-Doppler Variables* 


Slope p Value 


Systolic blood pressure 
(mm Hg) 
Heart rate (beats/min) 
— LV end-diastolic dimen- 
sion (mm) 
LV end-systolic dimension 
(mm) 
LV posterior wall thick- 
ness (mm) 
E velocity (cm/s) 
A velocity (cm/s) 
A/E ratio 
Atrial filing fraction (96) 
*Determined by least-squares linear regression analysis. 


A/E = atrial/early peak flow velocity ratio; LV = left ventricular; NS = not 
significant. 





tion to LV filling. As a result, end-diastolic volume at rest 
is unaffected by age.!? In contrast to LV diastolic func- 
tion at rest, little is known about the effect of age on 
diastolic function during isometric exercise. Such exer- 
cise imposes an afterload stress,?-!! which might have 
significant effects on diastolic function. The increase in 
blood pressure during isometric handgrip has been shown 
to be exaggerated in older persons.!>!3 The present study 
was therefore designed to evaluate the effects of age on 
LV diastolic response to sustained handgrip in normal 
subjects. 

The present prospective study evaluated 32 consecu- 
tive healthy volunteers, 16 men and 16 women aged 23 to 
64 years, from the Baltimore Longitudinal Study of Ag- 
ing. These community-dwelling persons undergo 2'^ 
days of extensive noninvasive physiologic and psycho- 
logical evaluations at the Gerontology Research Center 
biennially.'* All 32 volunteers were normotensive (blood 
pressure <160/95 mm Hg) and free of heart disease by 
history, physical examination, electrocardiogram at rest 
and maximal treadmill exercise electrocardiography. 
None were taking cardiovascular medication. M-mode 
and 2-dimensional echocardiograms were normal in all 
subjects. Subjects aged >40 years were also required to 
have normal exercise thallium scans. 

M-mode, 2-dimensional and pulsed-wave Doppler 
studies were performed at rest and during handgrip ex- 
ercise with a Hewlett-Packard model 77020AC imaging 
system. Mitral flow velocity was recorded with a pulsed- 
wave technique together with the electrocardiogram. In 
the apical 4-chamber view, the sample volume was 
placed on the ventricular side of the mitral annulus in 
order to obtain an optimal Doppler curve. Peak early 
mitral flow velocity (E) and peak flow velocity during 
atrial contraction (A) were measured and their ratio 
(A/E) calculated. The total area under the time-velocity 
curve (time-velocity integral) was planimetered. The 
area under the early filling (E) time velocity curve was 
planimetered separately. By subtracting the area of the 
early filling period from that of the entire time-velocity 
integral, the atrial filling time-velocity integral was ob- 
tained. The atrial filling fraction was calculated by di- 
viding the atrial time-velocity by the total time-velocity 
integral. To avoid the inclusion of the ongoing conduit 


TABLE II Effect of Handgrip on Echo-Doppler Variables 


Rest Handgrip p Value 
132.8+18.9 0.0001 











Systolic blood pressure 116.7 + 11.4 
(mm Hg) 

Heart rate (beats/min) 624 x71 

LV end-diastolic dimen- 50.4 + 6.6 
sion (mm) 

LV end-systolic dimen- 31.0 + 6.4 
sion (mm) 

E velocity (cm/s) 57.3 3: 13.1 55.3 + 14.2 NS 

A velocity (cm/s) 44.0 + 14.5 47.5 +15.1. 0.003 

A/E ratio 0.84 + 0.41 0.93 + 0.43 0.0001 

Atrial filing fraction (96) 24.3 + 8.5 27.3 X 10.1 0.0001 


Abbreviations as in Table |. 






68.3 + 7.7 0.0001 
51.8+65 0.01 







33.0+56 0.03 










flow in the atrial filling fraction, the slope of the mid- 
diastolic filling was extrapolated and the area under the 
extrapolated portion was included in the early filling 
volume.® All of the Doppler measurements were aver- 
aged from 2-3 successive beats. LV dimensions and wall 
thickness were obtained from the 2-dimensional targeted 
M-mode echocardiogram in the parasternal long-axis 
view and read according to American Society of Echo- 
cardiography criteria. All echocardiographic and Dopp- 
ler measurements were obtained by a single observer who 
was unaware of the age and sex of the subject. 

Before isometric exercise was begun, an indirect bra- 
chial arterial blood pressure in the nonexercised arm and 
a baseline Doppler and 2-dimensional echocardiogram 
of the left ventricle were obtained with the subjects in a 
left lateral position. They were then asked to squeeze a 
hand dynamometer (Stoelting Co, Chicago, Illinois) at 
maximal strength on 3 separate trials separated by 1- 
minute intervals. The subjects then performed sustained 
handgrip for 3 minutes at 30% of the highest grip 
strength noted among the 3 trials while lying in the left 
lateral position with continuous Doppler and 2-dimen- 
sional echocardiographic recording in the apical 4 cham- 
ber view. Only the Doppler and echocardiographic data 
recorded at rest and during the final minute of exercise 
were analyzed. Blood pressure and an M-mode echocar- 
diogram, derived from the 2-dimensional image, were 
recorded during the final minute of exercise. All sub- 
jects were able to maintain 30% of maximal handgrip 
strength for the entire 3 minutes without significant dis- 
comfort or a change in breathing pattern. 

The effect of handgrip on heart rate, blood pressure, 
Doppler variables and echocardiographic indexes was 
assessed by paired t tests. Linear regression analysis was 
used to assess the effect of age on these indexes at rest, 
during handgrip, and on the changes from rest to hand- 
grip. Gender differences were compared by analysis of 
covariance and unpaired t test as appropriate. A 2-tailed 
p value <0.05 was required for significance. All data are 
expressed as mean + standard deviation. 

Adequate echocardiograms and pulsed Doppler re- 
cordings could not be obtained in 4 subjects during hand- 
grip, leaving a final sample of 28 persons. The effect of 
age on echo-Doppler variables at rest is shown in Table I. 
Although systolic blood pressure at rest was not age- 
related, heart rate increased with age. Posterior wall 
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thickness, A velocity, and the A/E ratio increased, 
whereas the E velocity declined, with age, reflecting a 
shift from early to late diastolic filling with advancing 
years. The E velocity for any given age was higher in 
women than in men (p = 0.04); otherwise there were no 
gender differences in the age regressions. Ventricular 
dimensions were unrelated to age. 

The effect of handgrip on echo-Doppler indexes in 
the overall sample is displayed in Table II. A substantial 
increase in systolic blood pressure with a modest in- 
crease in heart rate occurred during handgrip. Small but 
significant increases were seen in both LV diastolic and 
systolic dimensions. Although E velocity did not change 
with handgrip, the A velocity, A/E ratio and atrial filling 
fraction were augmented by handgrip in the overall sam- 
ple without any gender differences. 

The age regressions for echo-Doppler variables dur- 
ing the final minute of handgrip are indicated in Table 
III. Systolic blood pressure varied directly with age, 
whereas heart rate and LV dimensions were not age- 
related. The pattern of diastolic function at rest, with a 
relative shift from early to late filling with advancing 
age, was maintained during handgrip without any signif- 
icant gender differences. 

Age affected the changes in various indexes of car- 
diovascular performance, from rest to handgrip. The 
augmentation of systolic (Figure 1) as well as diastolic 
blood pressures (r = 0.47, p <0.02) from rest to hand- 
grip varied directly with age, whereas cardioacceleration 
was blunted (r = —0.39, p <0.05). Age-associated in- 
creases in LV end-diastolic dimension (r — 0.59, p 
<0.001) and end-systolic dimension (r = 0.47, p <0.01) 
occurred between rest and handgrip exercise. Finally, 
handgrip elicited an age-related augmentation of atrial 
filling fraction from rest (Figure 2). No gender differ- 
ences were found for any of these age regressions. The 
increase in atrial filling fraction between rest and hand- 
grip varied directly with the change in systolic blood 
pressure (r = 0.47, p <0.02). By multiple regression 
analysis, the augmentation of atrial filling fraction with 
age was reduced to borderline significance (p = 0.08) 
once the effect of systolic blood pressure was considered. 
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FIGURE 1. Effect of age on handgrip-induced change in sys- 
tolic blood pressure (SBP) (handgrip minus rest) as a function 
of age. 


TABLE Ili Age Regressions at Three Minutes of Sustained 





Handgrip * 

Systolic blood pressure 0.53 0.54 0.003 
(mm Hg) 

Heart rate (beats/min) 0.06 0.14 NS 

LV end-diastolic dimen- 0.02 0.06 NS 
sion (mm) 

LV end-systolic dimension 0.004 0.01 NS 
(mm) 

E velocity (cm/s) —0.50 0.67 0.0001 

A velocity (cm/s) 0.61 0.77 0.0001 

A/E ratio 0.02 0.87 0.0001 

Atrial filling fraction (96) 0.48 0.90 0.0001 


*Determined by least-squares linear regression analysis. 
Abbreviations as in Table}. 


Recent studies at rest have shown that with advancing 
age, there is a diminution of early diastolic performance 
and a greater dependence on late diastolic filling.'*-* The 
present investigation extends these observations to iso- 
metric handgrip stress. After 3 minutes of handgrip, as at 
rest, there was a significant age-associated decrease in E 
velocity and increases in A velocity, A/E ratio and atrial 
filling fraction. Although the change in most of the Dopp- 
ler diastolic indexes from rest to handgrip was not age- 
related, the handgrip-induced increase in atrial filling 
fraction was augmented with advancing age and ap- 
peared to be mediated in part by the exaggerated pressor 
response in older subjects. 

The effect of isometric exercise on LV diastolic func- 
tion has received little attention. Prior investigators us- 
ing radionuclide ventriculography!? and pulsed Doppler 
echocardiography!? have reported no significant change 
in diastolic filling rates during handgrip. In our sample, 
handgrip elicited no change in E velocity whereas signifi- 
cant increases in A velocity, A/E ratio and atrial filling 
fraction were observed (Table II). The relative shift from 
early to late diastolic filling is consistent with the known 
effects of acute afterload stress.! 

The few prior studies of age-associated changes in 
response to handgrip exercise have demonstrated exag- 
gerated pressor responses!?!? and diminished cardioac- 
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FIGURE 2. Age-associated increase in atrial filling fraction 
(AFF) from rest to handgrip (handgrip minus rest). 
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celeration!? with advancing age, similar to the present 
findings. Because isometric handgrip involves both o- and 
B-adrenergic stimulation, the exaggerated pressor re- 
sponse in older subjects may be mediated by either the 
documented age-related decreased vasodilation in re- 
sponse to 6-adrenergic stimulation!" or an exaggerated 
vasoconstriction in response to a-adrenergic stimuli. The 
blunted cardioacceleration with age is consistent with the 
well-known age-associated decreased chronotropic re- 
sponse to 6-adrenergic stimuli.!? 

This is the first study to document by Doppler ultra- 
sound that the well-known aging change in diastolic fill- 
ing pattern, with a relative shift from early to late filling, 
pertains not only during rest but also during isometric 
exercise. Our findings extend the results of Japanese in- 
vestigators!® who measured a modest increase in atrial 
filling fraction, derived from the posterior aortic wall 
echogram, in middle-aged men but not in young men 
during handgrip. Such a filling shift is not surprising if 
age-associated increase in arterial blood pressure is a 
major stimulus to the decrease in early diastolic filling 
seen at rest. This decrease in early filling may be mediat- 
ed in part by the increase in LV wall thickness seen with 
advancing age, even in clinically normotensive subjects! 
such as those in the present study. The acute afterload 
stress imposed by handgrip, and exaggerated by age, 
would be expected to shift the LV filling pattern further, 
from early toward late diastole as shown here. The less 
complete emptying of the left ventricle in response to 
handgrip, which was more pronounced in older subjects, 
may further contribute to this shift. 

The present study shares the limitations of other 
Doppler echocardiographic studies. Multiple factors in- 
cluding preload, afterload, chamber stiffness, heart rate 
and atrioventricular gradient influence Doppler LV fill- 
ing patterns. The absence of direct intracardiac pressure 
measurements obviously limits conclusions regarding sev- 
eral of these factors. Subclinical mitral regurgitation dur- 
ing handgrip, a potential confounding factor, was not 
detected by pulsed Doppler examination in any of our 
subjects. Finally our sample size was relatively small al- 
though fairly evenly distributed across age. 
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CASE REPORTS 


An Unusual Variant of Common Arterial 


Trunk 
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common arterial trunk is a soli- 
tary arterial trunk leaving the 
heart through a common valve and 
directly supplying the systemic, pul- 
monary and coronary arteries.! Un- 
der this unifying feature, variability 
exists with regard to the commitment 
of the common trunk to the ventricu- 
lar mass, the state of the truncal 
valve, the morphology of the ventric- 
ular septal defect, the pattern of ori- 
gin of the pulmonary arteries and the 
arrangement of the aortic arch.!? 
Understanding this spectrum of mor- 
phologic features is of great impor- 
tance in the total surgical correction 
of hearts with this malformation.^ 
A female infant was delivered at 
the 39-week gestation by caesarean 
section for breech presentation. 
There were multiple external dys- 
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morphic features, including upslant- 
ing eyes, micrognathia, cleft palate, 
trisomy hand, talipes equinovarus 
and rocker bottom feet. Cross-sec- 
tional echocardiography revealed a 
common arterial trunk with trun- 
cal regurgitation. Her condition re- 
mained stable but, on the nineteenth 
day, she suddenly developed intrac- 
table heart failure and died. 

On postmortem examination, the 
heart was situated predominantly in 
the left side of the chest with its apex 
pointing to the left. There was usual 
atrial arrangement and concordant 
atrioventricular connections. The 
common arterial trunk was found to 
arise exclusively from the right ven- 
tricle (Figure 1, left). It supplied the 
coronary arteries in a normal man- 
ner. The left and right pulmonary 
arteries originated directly and sep- 
arately from the posterolateral as- 
pects of the common trunk (Figure 
1, right). The trunk then continued 
as the ascending and descending aor- 
ta, giving normal branches to the 
neck and thorax. The aortic arch 
was left-sided; there was no coarcta- 
tion or interruption. The arterial 
duct was absent. The positioning of 
the major veins was normal. 


Two ventricular septal defects 
were identified: a muscular defect, 4 
X 2 mm, was located in the inlet 
septum inferior to the atrioventricu- 
lar valves; and a perimembranous 
defect, 3 X 5 mm, was seen in the 
outlet septum, separated from the 
truncal valve by a subtruncal infun- 
dibulum (Figure 2). 

The truncal valve had 4 leaflets. 
They were of unequal sizes, 2 being 
larger than the others. All showed 
gray, opaque nodular thickening 
along their free edges. There was 
prolapse of one of the larger leaflets; 
its free edge was below the line of 
closure of the opposing leaflets when 
the valve was in its closed position. 
Histology revealed profuse accumu- 
lation of interstitial mucin in this 
leaflet. The atrioventricular valves 
were histologically normal. 

The anatomic study of the com- 
mon arterial trunk has assumed 
greater practical importance since 
most cases have now become amena- 
ble to total surgical correction.-* 
Among the various features that de- 
termine the success of surgical treat- 
ment are the connection of the com- 
mon trunk to the ventricular mass, 
the morphology of the ventricular 
septal defect, the origin of the pulmo- 
nary arteries and the status of the 
truncal valve.!-6 The common arteri- 
al trunk arising exclusively from the 
right ventricle has been found in 15 
to 25% of cases.?-? In our experience, 





FIGURE 1. Left, gross appearance of the heart, showing a common arterial trunk (CAT) arising from the right ventricle. The 
aortic arch is left-sided. Right, the right and left pulmonary arteries (RPA, LPA) originate directly and separately from the pos- 
terolateral aspects of the common trunk (CAT). T = trachea. 
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FIGURE 2. The common trunk arises exclusively from the right ventricle. The re- 
strictive perimembranous ventricular septal defect (VSD 1) is separated from the 
truncal valve by the subtruncal infundibulum (STI). The muscular septal defect 

(VSD 2) is situated in the inlet septum. Prolapse of a leaflet of the truncal valve is 


seen (broad arrow). 


however, patients with a completely 
muscular subtruncal infundibulum 
are rare.! In this infant, had surgery 
been attempted, the infundibulum 
would have had a restrictive effect on 
the ventricular septal defect, which 
would have required enlargement 
during radical operation. As far as 
we know, our case is unique in its 
association with 2 ventricular septal 
defects (Figure 2). In addition, the 


origins of the pulmonary arteries are 
unusual, each arising directly from 
the posterolateral aspects of the com- 
mon trunk (Figure 1, right). This ar- 
rangement falls midway between the 
so-called “type II" and “type IIT" 
patterns identified by Collett and Ed- 
wards.? This pattern would also have 


made total surgical correction, which 


involves removal of the pulmonary 
arteries from the trunk with con- 
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nection to a valve-containing conduit 
anastomosed to the right ventricle, 
more difficult than in the commoner 
type I pattern. 

The leaflets of the truncal valve 
were of unequal sizes and. showed 
prominent nodular thickening along 
their free edges. This was in accor- 
dance with the clinical finding of 
truncal regurgitation by cross-sec- 
tional echocardiography. The sudden 
onset of intractable heart failure, 
however, may well have been due to 
acute prolapse of the larger leaflet as 
revealed by postmortem examina- 
tion. Myxoid degeneration occurs of- 
ten in the valvar leaflets of the com- 
mon arterial trunk.ó This was seen 
in the prolapsed leaflet and proba- 
bly contributed to its acute prolapse. 
Thus, careful assessment of the sta- 
tus of the truncal valve merits em- 
phasis as an important step in the 
management of patients with this 
condition. 
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should be managed carefully to avoid abrupt withdrawal of beta-blockade, which might 
precipitate a thyroid storm. 


PRECAUTIONS 


General 
Toprol XL should be used with caution in patients with impaired hepatic function. 


Information for Patients 

Patients should be advised to take Toprol XL regularly and continuously, as directed, 
preferably with or immediately following meals. If a dose should be missed, the patient 
should take only the next scheduled dose (without doubling it). Patients should not dis- 
continue Toprol XL without consulting the physician. 

Patients should be advised (1) to avoid operating automobiles and machinery or 
engaging in other tasks requiring alertness until the patient's response to therapy with 
Toprol XL has been determined; (2) to contact the physician if any difficulty in breath- 
ing occurs; (3) to irform the physician or dentist before any type of surgery that he or 
she is taking Topro! XL. 


Laboratory Tests 
Clinical laboratory findings may include elevated levels of serum transaminase, alka- 
line phosphatase, and lactate dehydrogenase. 


Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an additive effect when 
given with beta-blocking agents. Patients treated with Toprol XL plus a catecholamine 
depletor should therefore be closely observed for evidence of hypotension or marked 
bradycardia, which may produce vertigo, syncope, or postural hypotension. 


Carci s, Mutagenesis, Impairment of Fertility 

Long-term studies in animals have been conducted to evaluate the carcinogenic 
potential of metoprolol tartrate. In 2-year studies in rats at three oral dosage levels of 
up to 800 mg/kg/cay, there was no increase in the development of spontaneously 
occurring benign or malignant neoplasms o! any type. The only histologic changes that 
appeared to be drug related were an increased incidence of generally mild focal accu- 
mulation of foamy macrophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. In a 21-month study in Swiss albino mice at three oral dosage levels of up 
to 750 mg/kg/day, benign lung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung tumors, nor in the overall 
incidence of tumors or malignant tumors. This 21-month study was repeated in CD-1 
mice, and no statistically or biologically significant differences were observed between 
treated and contro! mice of either sex for any type of tumor. 

All mutagenicity tests performed on metoprolo! tartrate (a dominant lethal study 
in mice, chromosome studies in somatic cells, a Salmonelia/mammalian-microsome 
mutagenicity test, and a nucleus anomaly test in somatic interphase nuclei) and 
metoprolol succinate (a Salmonella/mammalian-microsome mutagenicity test) 
were negative. 

No evidence of impaired fertility due to metoprolol tartrate was observed in a study 
performed in rats at doses up to 55.5 times the maximum daily human dose of 
450 mg. 

Pregnancy Category C 

Metoprolol tartrate has been shown to increase post-implantation loss and decrease 
neonatal survival in rats at doses up to 55.5 times the maximum daily human dose of 
450 mg. Distribution studies in mice confirm exposure of the fetus when metoprolo! tar- 
trate is administered to the pregnant animal. These studies have revealed no evidence 
of impaired fertility or teratogenicity. There are no adequate and well-controlled studies 
in pregnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers 

Metoprolol is excreted in breast milk in very small quantities. An infant consuming 
1 liter of breast milk daily would receive a dose of less than 1 mg of the drug. Caution 
should be exercised when Toprol XL is administered to a nursing woman. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


Risk Of Anaphylactic Reactions 
While taking beta-blockers, patients with a history of severe anaphylactic reactions to 
a variety of allergens may be more reactive to repeated challenge, either accidental, 


diagnostic or therapeutic. Such patients may be unresponsive to the usual doses of 
epinephrine used to treat allergic reaction. 


ADVERSE REACTIONS 

sion and Angina 
Most adverse effects have been mild and transient. The following adverse reactions 
have been reported for metoprolol tartrate. 
Central Nervous System: Tiredness and dizziness have occurred in about 10 of 100 
patients. Depression has been reported in about 5 of 100 patients. Mental confusion 
and short-term memory loss have been reported. Headache, somnolence, nightmares, 
and insomnia have also been reported. 
Cardiovascular: Shortness of breath and bradycardia have occurred in approximately 
3 of 100 patients. Cold extremities; arterial insufficiency, usually of the Raynaud type; 
palpitations; congestive heart failure; peripheral edema; syncope; ches! pain; and 


hypotension have been reported in about 1 of 100 patients (see CONTRAINDICA- : 


TIONS, WARNINGS and PRECAUTIONS). 

Respiratory: Wheezing (bronchospasm) and dyspnea have been reported in about 1 
of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 patients. Nausea, dry 
mouth, gastric pain, constipation, flatulence, digestive tract disorders and heartburn 
have been reported in about 1 of 100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in about 5 of 100 patients 
Worsening of psoriasis has also been reported. 

Miscellaneous: Peyronie's disease has been reported in fewer than 1 of 100 000 
patients. Musculoskeletal pain, blurred vision, decreased libido and tinnitus have also 
been reported. . 

There have been rare reports of reversible alopecia, agranulocytosis, and dry eyes. 
Discontinuation of the drug should be considered if any such reaction is not otherwise 
explicable. The oculomucocutaneous syndrome associated with the beta-blocker prac- 
tolol has not been reported with metoprolol. 


Potential Adverse Reactions 

A variety of adverse reactions not listed above have been reported with other beta- 
adrenergic blocking agents and should be considered potential adverse reactions to 
Toprol XL. 

Central Nervous System: Reversible mental depression progressing to catatonia; an 
acute reversible syndrome characterized by disorientation for time and place, short- 
term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 
Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Hypersensitive Reactions: Fever combined with aching and sore throat, laryn- 
gospasm, and respiratory distress. 


OVERDOSAGE 


Acute Toxicity 

No overdosage has been reported with Toprol XL and no specific overcosage intor- 
mation was obtained with this drug, with the exception of anima! toxicology 
data. However, since Topro! XL (metoprolol succinate salt) contains the same active 
moiety, metoprolol, as conventional metoprolol tablets (metoprolol tartrate salt), the 
recommendations on overdosage for metoprolo! conventional tablets are applicable 
to Toprol XL. 


Signs and Symptoms 
Potential signs and symptoms associated with overdosage with metoprolol are brady- 
cardia, hypotension, bronchospasm, and cardiac failure. 


Treatment 

There is no specific antidote. 

In general, patients with acute or recent myocardial infarction may be more hemody- 
namically unstable than other patients and should be treated accordingly. On the basis 
of the pharmacologic actions of metoprolo! tartrate, the following general measures 
should be employed. 

Elimination of the Drug: Gastric lavage should be performed. 

Bradycardia: Atropine should be administered. If there is no response to vaga! block- 
ade, isoprotereno! should be administered cautiously. 

Hypotension: A vasopressor should be administered, e.g., levarterenol or dopamine. 
Bronchospasm: A beta»-stimulating agent and/or a theophylline derivative should be 
administered. 

Cardiac Failure: A digitalis glycoside and diuretics should be administered. In shock 
resulting from inadequate cardiac contractility, administration of dobutamine, isopro- 
terenol or glucagon may be considered. 


DOSAGE AND ADMINISTRATION 

Toprol XL is an extended release tablet intended for once-a-day administration. When 
switching from immediate release metoprolol tablet to Toprol XL, the same total daily 
dose of Toprol XL should be used. 

As with immediate release metoprolol, dosages of Toprol XL should be individualized 
and titration may be needed in some patients. 


Hypertension 

The usual initial dosage is 50 to 100 mg daily in a single dose, whether used alone or 
added to a diuretic. The dosage may be increased at weekly (or longer) intervals until 
optimum blood pressure reduction is achieved. In general, the maximum effect of any 
given dosage level will be apparent after 1 week of therapy. Dosages above 400 mg 
per day have not been studied. 

Angina Pectoris 

The dosage of Toprol XL should be individualized. The usual initial dosage is 100 mg 
daily, given in a single dose. The dosage may be gradually increased at weekly inter- 
vals until optimum clinical response has been obtained or there is a pronounced slow- 
ing of the heart rate. Dosages above 400 mg per day have not been studied. It 
treatment is to be discontinued, the dosage should be reduced gradually over a period 
of 1-2 weeks (see WARNINGS). 


HOW SUPPLIED 


Tablets 50 mg; 

Contain 47.5 mg of metoprolol succinate equivalent to 50 mg of metoprolol tartrate, 
USP 

Are white, nvex, round, film-coated 

Engraved ngon one side and scored on the other 


Bottles of 100 NDC 0186-1090-05 


Tablets 100 mg: 

Contain 95 mg of metoprolol succinate equivalent to 100 mg of metoprolol tartrate, 
USP 

Are white, nvex, round, film-coated 

Engraved ms on one side and scored on the other 


Bottles of 100 NDC 0186-1092-05 


Contain 190 mg of metoprolol succinate equivalent to 200 mg of metoprolol tartrate, 
USP 

Are white, nvex, oval, film-coated 

Engraved my and scored on one side 

Bottles of 100 NDC 0186-1094-05 

Store at controlled room temperature 15°-30°C (59*-86*F) 

Manufactured by: 

Astra Pharmaceutical Production, AB 

Sódertálje, Sweden 

Manufactured for: 


ANTRA 


Astra Pharmaceutical Products, Inc. 
Westborough, MA 01581-4500 


iss. 11/91 





FOOTNOTES: 


1. Please see full prescribing information above. 

2. Sandberg A, Blomqvist |, Jonsson UE, Lundborg P, Phar- 
macokinetic and pharmacodynamic properties of a new 
controlled-release formulation of metoprolol; a comparison 
with conventional tablets. Eur J Clin Pharmacol 1988; 

33 (Suppl); S9-S14. 
3. Data on file at AB Hassle. 


Mitral Valve Laceration and Papillary 
Muscle Rupture Secondary to Percutaneous 
Balloon Aortic Valvuloplasty * 


Andrew Farb, MD, Joel R. Galloway, MD, Richard C. Davis, MD, Allen P. 


Burke, MD, and Renu Virmani, MD 


P ercutaneous balloon aortic val- 
vuloplasty (PBAV) has been 
used successfully as a palliative treat- 
ment in patients with critical aortic 
stenosis.!2 These patients are often 
elderly and are not candidates for 
aortic valve replacement.? Alterna- 
tively, PBAV has been used as a tem- 
porizing measure in patients with 
aortic stenosis and other medical 
conditions that need more urgent 
treatment.^ The procedure is typical- 
ly performed by retrograde heart 
catheterization; however, antero- 
grade transeptal PBAV has been re- 
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FIGURE 2. Autopsy findings. 
(A) Severely stenotic, con- 
genitally bicuspid aortic 
valve. (B) Ventricular myo- 
cardial slice demonstrating 
ruptured papillary muscle 
(arrowheads). (C) Opened ME 
left atrium and ventricle dem- * 
onstrating laceration of mi- =; 
tral valve leaflet at commis- 
sure (large arrows), torn 
chordae tendineae (arrow- 


(small arrows). (D) Photomi- 
crograph from tip of rup- 
tured papillary muscle show- 
ing platelets and fibrin (p) 
overlying myocardium of rup- 
tured papillary muscle (m) 
(hematoxylin-eosin stain 
X75, reduced by 46%). 


ported, and may have a lower inci- 
dence of bleeding and arterial dam- 
age. This report describes mitral 
valve laceration and papillary muscle 
rupture associated with anterograde 
transeptal PBAV, a complication not 
previously reported. 

A 70-year-old white man with a 
mass in the head of the pancreas was 
referred for prelaparotomy PBAV 
for critical aortic stenosis. Transtho- 
racic Doppler echocardiography 
demonstrated a calcified aortic valve 
with diminished opening, left ven- 
tricular hypertrophy and normal left 
ventricular function. The peak in- 
stantaneous aortic valve gradient 
was 90 to 100 mm Hg, and the calcu- 
lated aortic valve area (continuity 
equation) was 0.5 to 0.6 cm’. No 
aortic regurgitation was detected. 

Coronary arteriography revealed 
minor luminal irregularities. Tran- 
septal left-sided cardiac catheter- 
ization was performed with an 8Fr 
Mullin’s transeptal sheath and dila- 
tor, with a Brockenbrough needle. A 
7Fr Berman wedge catheter was ad- 


vanced into the left ventricle. Resting 
hemodynamics showed an aortic 
valve area of 0.65 cm’. A Berman 
wedge catheter was advanced across 
the aortic valve, and a 0.035 260 cm 
extra stiff J-wire was advanced into 
the descending aorta. The interatrial 
septum was dilated with an 8 mm 
balloon catheter. A 20 mm balloon 
catheter was positioned across the 
aortic valve where it was inflated for 
15 seconds without hemodynamic 
compromise, followed by deflation. 
A second inflation was then per- 
formed for 15 seconds, and on bal- 
loon deflation, the patient developed 
profound hypotension with rapid 
progression to electromechanical 





a 


FIGURE 1. Valvuloplasty balloon in- 
flated proximally in left ventricular cav- 
ity with acute angulation of balloon in 
inflow region of left ventricle. Only dis- 
tal portion of balloon is across calcified 
aortic valve (asterisk). 
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dissociation. Resuscitative efforts 
were unsuccessful. Retrospective re- 
view of the cineangiography revealed 
that the balloon appeared to be 
acutely angled and indented as it 
traversed the left ventricular inflow 
tract to the outflow tract (Figure 1). 

At autopsy, the aortic valve was 
heavily calcified, severely stenotic 
and congenitally bicuspid (Figure 
2A). An acute laceration was present 
at the anterolateral commissure be- 
tween the mitral valve leaflets. Sev- 
eral chordae to the anterior leaflet 
were torn (Figure 2B). The postero- 
medial papillary muscle was rup- 
tured (Figure 2, B and C). Micro- 
scopically, at the rupture sites there 
was a thin layer of platelets and fi- 
brin deposition without evidence of 
necrosis of the adjacent myocytes 
(Figure 2D). 

Generally, most PBAV-associ- 
ated complications have been de- 
scribed for retrograde valvuloplasty. 
Major complications occur in «1096 
of patients and include fatal cardi- 
ac arrest, stroke, ventricular perfora- 
tion, acute severe aortic regurgitation 
and vascular problems resulting in 
limb amputation.’ De Ubago et al? 
reported a case of mitral valve rup- 
ture without damage to chordae or 
papillary muscles after retrograde 


PBAV. The cineangiogram revealed 
that the guidewire was located 
"high" in the ventricle, and there was 
indentation of the balloon in the area 
of the mitral valve? 

Anterograde PBAV has been ad- 
vocated for patients who cannot un- 
dergo retrograde catheterization, 
usually owing to peripheral athero- 
sclerotic disease or previous vascular 
surgery. Furthermore, anterograde 
PBAV may have a lower incidence of 
arterial injury or bleeding. Little in- 
formation concerning complications 
associated with anterograde PBAV is 
available. In 25 patients treated with 
anterograde PBAV, no cases of acute 
mitral regurgitation or rupture were 
reported.? 

In the present case, we postulate 
that the valvuloplasty guidewire 
passed between chordae tendineae; 
inflation of the valvuloplasty balloon 
with its proximal end in the left ven- 
tricular inflow tract resulted in split- 
ting of chordae, which extended 
proximally to tear the mitral valve 
leaflet, and distally to rupture the 
papillary muscle. When performing 
anterograde PBAV, abnormal angu- 
lation of the valvuloplasty balloon 
during inflation may indicate that 
the balloon and guidewire are not 
free of chordal structures. Care must 


be taken to deploy the balloon well 
distal to the mitral valve leaflets, the 
supporting chordae and papillary 
muscles. 
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Assessment of Electromyocardial Continuity 
in Conjoined (Thoracopagus) Twins 


Mei-Hwan Wu, MD, Yung-Chang Lai, MD, Huey-Ming Lo, MD, Ying-Hui 


Hsu, MD, and Hung-Chi Lue, MD 


onjoined twins occur in approxi- 
mately 1 in 50,000 births, and 
most of them have major junctions at 
the levels of chest and upper abdo- 
men (thoracopagus).! It is difficult to 
separate twins with conjoined hearts. 
Only a single instance of successful 
separation in one of a set of twins 
with conjoined atria has been report- 
ed.? Therefore, preoperative docu- 
mentation of the existence of con- 
joined hearts is crucial. We report 
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Teh Street, and Chung Shan Medical and 
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herein a set of conjoined twins, in 
whom evaluation by echocardiogra- 
phy and angiography failed to de- 
fine the conjoined hearts because the 
chambers and circulation werc sepa- 
rate. Electrophysiologic studies dem- 
onstrated an atrial electromyocardial 
continuity resulting in synchronized 
heart beats of the twins. 

Male conjoined twins (A and B) 
were transferred to our hospital on 
day 25. Twin A was comfortable but 
twin B appeared mildly cyanotic and 
tachypneic. They joined from mid- 
sternum to a common umbilicus. 
The genitourinary and gastrointesti- 
nal systems were separate and nor- 
mal. The liver was joined, but biliary 
system was separate. 
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Electrocardiogram of twin B re- 
vealed a normal P wave, followed by 
2 closely spaced but separate, nar- 
row QRS complexes, whereas the 
electrocardiogram of twin A showed 
a P wave with an indeterminate axis 
and similar QRS complexes (Figure 
1). Echocardiography disclosed a 
side-by-side, close relationship be- 
tween the twins' hearts and no evi- 
dence of cross circulation or shared 
chambers. Twin A had an elongated 
left ventricle, which protruded into 
the thoracic cavity of twin B, and lay 
parallel to the left atrium of twin B. 
Similarly, the left ventricle of twin B 
lay alongside the left atrium of twin 
A. A small ventricular septal defect 
was detected in twin A. The intracar- 
diac anomalies of twin B included 
severe tricuspid regurgitation, an 
atrial right-to-left shunt, a ventricu- 
lar septal defect, severe pulmonary 
stenosis and a patent ductus arterio- 
sus. The spatial relationship and in- 
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FIGURE 1. The electrocardiograms recorded from twins A (A) and B (B). A normal P wave followed by 2 separate narrow QRS 
complexes (arrow and arrowhead) was shown in the electrogram of twin B. The interval between the separate QRS complexes 
is 0.04 second from lead I. The electrogram of twin A was essentially similar to that of twin B, except for the different polarity 
of P and QRS complexes. 
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FIGURE 2. A, simultaneous intracardiac recordings from the right atria (RA) of twins A and B. The atrial depolarization of twin 
B (a) conducted into the atria of twin A and caused the atrial depolarization of twin A (A). Separate ventricular depolarization (V 
and v) followed the atrial depolarization of twins A and B, respectively. B, after the termination of right atrial pacing in twin A, 
the atrial activity of twin B (a) appeared earlier than that of twin A (A) and paced the twin A (arrow) very soon. 
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FIGURE 3. A, spontaneous ventricular premature contraction (VPC) in twin A failed to interfere with the basic rhythm of twin B. 
The ventricular depolarization of twins A (V) and B (v) could be dissociated from each other. B, right ventricular pacing in twin A 
could not directly conduct into ventricle of twin B. LRA = low right atrium; RA = right atrium. 
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tracardiac anomalies of the twins 
were verified by cardiac catheteriza- 
tion and angiography. 
Electrophysiologic studies were 
performed using quadripolar elec- 
trode catheters located in the right 
atria of the twins. In most of the 
baseline recordings, the sinus node 
of twin B dominated and paced both 
hearts through their respective 
atrioventricular connections and 
His-Purkinje systems (Figure 24A). 
Occasionally, agitation of twin A re- 
sulted in shortened cycle length of 
his sinus node and became the pace- 
maker of both hearts. Termination 
of rapid atrial pacing in twin B as 
well as in A revealed a shorter sinus 
node recovery time in twin B than in 
twin A (Figure 2B). Rapid atrial 
pacing at cycle lengths from 380 
to 300 ms in twin B was conducted 
into the atria of twin A and paced 
both hearts. A ventricular premature 
complex in twin A failed to interfere 
the rhythm of twin B, and resulted in 
dissociated QRS complexes (Figure 
3A). Right ventricular pacing of twin 
A was not conducted directly to 
ventricles in twin B (Figure 3B). 
Based on these observations, we con- 


cluded that there was an isolated 
atrial electromyocardial continuity 
between the twins. 

An electrocardiogram with inde- 
pendent QRS complexes often ex- 
cludes the presence of a conjoined 
heart.?^ Echocardiography and angi- 
ography can provide further infor- 
mation to document the existence of 
conjoining and any associated anom- 
alies.^ Usually, results of these di- 
agnostic techniques are satisfactory 
enough to make a preoperative judg- 
ment. However, an isolated electro- 
myocardial continuity without cross 
circulation and shared chambers, as 
seen in our case, might have to be 
proved by the simultaneous intracar- 
diac recordings of basic and paced 
rhythms. 

Experiences obtained from this 
case have apparently added to our 
knowledge of electrocardiographic 
assessment of the cardiac status of 
conjoined twins. First, synchronized 
QRS complexes of twins indicate an 
electromyocardial continuity in the 
conjoined twins despite the status of 
circulation and chambers. Second, 
the degree of fusion in QRS com- 
plexes of twins depends on the pres- 
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ence of ventricular electrical and 
myocardial continuity. The surgical 
implication of this isolated electro- 
myocardial continuity has not been 
clearly defined. However, substantial 
risk in the separation of joined myo- 
cardium can be anticipated. 
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For use only by physicians familiar with and with access to (directly or 
via referral) all available modalities for treating recurrent life- 
threatening ventricular arrhythmias, including access to appropriate 
monitoring facilities and continuous electrocardiographic monitoring 
and electrophysiologic techniques. Due to the life-threatening nature of 
the arrhythmias treated, potential interactions with prior therapy, and 
potential arrhythmia exacerbation, start Cordarone in a hospital setting. 


Contraindications: Severe sinus-node dysfunction, with marked 
sinus bradycardia; 2nd- and 3rd-degree atrioventricular (AV) block; 
episodes of bradycardia which cause syncope (except when used with a 
pacemaker); known hypersensitivity to the drug. 


Warnings: Cordarone is intended for use only in patients 
with the indicated life-threatening arrhythmias because its 
use is accompanied by substantial toxicity. 


Cordarone has several — toxicities, the most 
important of which is pulmonary toxicity (hypersensitivity 
pneumonitis or interstitial/ alveolar pneumonitis) that has 
resulted in clinically manifest disease at rates as high as 
10 to 17% in some series of patients withventricular 
arrhythmias given doses around 400 mg/day, and as 
abnormal diffusion capacity without symptoms in a much 
higher percentage of patients. Pulmonary toxicity has been 
fatal about 10% of the time. Liver injury s common with 
Cordarone, but is usually mild and evidenced only by 
abnormal liver enzymes. Overt liver disease can occur, 
however, and has been fatal in a few cases. Like other 
antiarrhythmics, Cordarone can exacerbate the arrhythmia, 
ed: by making the a mia less well tolerated or more 
difficult to reverse. This has occurred in 2-5% of patients in 
various series, and significant heart block or sinus 
aste has been seen in 2-5%. All of these events 
should Aet he fous the poe in most 
cases. Althoug uency of su mic 
events does not appear greater with Cordarone than with 
many other agents used in this population, the effects are 
prolonged when they occur. 


Even in patients at high risk of arrhythmic death, in whom 
the toxicity of Cordarone is an acceptable risk, Cordarone 


major management problems that could be life- 
tening in a population at risk of sudden death, so that 
eni effort should be made to utilize alternative agents 


The difficulty of using Cordarone effectively and safe 
itself poses a significant risk to patients. Patients with the 
indicated a mias must be hospitalized while the 
loading dose of Cordarone is given, and a response 
nerally requires at least one week, usually two or more. 
cause absorption and elimination are variable, 
maintenance-dose selection is difficult, and it is not 
unusual to require dosage decrease or discontinuation of 
treatment. In a retrospective survey of 192 patients with 
ventricular tachyarrhythmias, 84 required dose reduction 
and 18 required at least temporary discontinuation because 
of adverse effects, and several series have reported 15 to 
20% overall frequencies of discontinuation due to adverse 
reactions. The time at which a saprene! renbaan life- 
threatening arrhythmia will recur after d nuation or 
dose adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at greatrisk during this 
time and may need prolonged hospitalization. Attempts to 
er antiarrhythmic agents when Cordarone 
ped will be made difficult by the gradually, but 
unpredictably, changing amiodarone body burden. A 
similar problem exists when Cordarone is not effective; it 
still poses the risk of an interaction with whatever 
subsequent treatment is tried. 





PULMONARY TOXICITY: Cordarone may cause a syndrome of cough 
and progressive dyspnea with functional, radiographic, gallium-scan 
and pathological data consistent with pulmonary toxicity; frequency 
usually varies from 2-796, but can be as high as 10-1796. Thus, at start 
of therapy, perform baseline chest x-ray and pulmenary-function tests, 
including diffusion capacity. Repeat history, physical exam (PE), and 
chest x-ray every 3-6 months. 

Preexisting pulmonary disease does not appear tosincrease risk of 
toxicity; however, prognosis is poorer if pulmonary toxicity develops. 


Cordarone-induced pulmonary toxicity seems to result from indirect 
(hypersensitivity pneumonitis) or direct (interstitial/alveolar 
pneumonitis) toxicity. 
1 ache pneumonitis usually appears early in therapy; 
llenge results in a more rapid and severe recurrence. 
Bronchoalveolar lavage is procedure of choice to confirm diagnosis, 
made when a T suppressor/cytotoxic (CD8 - positive) lymphocytosis 
noted. Treat with steroids and stop Cordarone. 


Interstitial/alveolar pneumonitis, characterizec by diffuse alveolar 
damage, interstitial pneumonitis or fibrosis in lung biopsies. 
Phospholipidosis (foamy cells, foamy macrap ) is present in most 
cases of Cordarone-induced pulmonary toxicily; r, this also 
occurs in approximately 5096 of all Cordarone patients. Use these cells 
as therapy markers, not evidence of toxicity. If interstitial/alveolar 

neumonitis is diagnosed, reduce dose or, preferably, withdraw - 

ordarone, especially if other acceptable antiarrhythmics are available. 
Where these measures were instituted, symptoms usually decreased in 
the first week; most clinical improvement was in first 2-3 weeks. Chest 
X-ray changes usually resolve in 2-4 months. Some experts feel 
steroids may be helpful. Prednisone (40-60 mg/day) or equivalent 
doses of other steroids have been used and tapered over several weeks. 
At times rechallenge at a lower dose will not result in return of toxicity. 
Reports suggest lower loading and maintenance doses are associated 
with a lower incidence of pulmonary toxicity 


In Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; repeat and evaluate history, PE, chest 


X-ray, and pulmonary-function tests (with diffusion capacity). A 15% 
decrease in diffusion capacity has a high sensitivity but only a 
moderate A pulmonary toxicity; as decreases in diffusion 
capacity approach 30%, sensitivity decreases but specificity increases. 
A diagnostic gallium scan may also be performed. 

Fatalities from pulmonary toxicity occur in about 10% of cases. 
However, when life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HCI) cautiously if drug-induced pulmonary 
toxicity is suspected. As the most common cause of death in these 
patients is sudden cardiac death, first rule out other causes of 
respiratory impairment. Bronchoalveolar lavage or lung biopsy may be 
necessary tc confirm the diagnosis, especially when there is no 
acceptable alternative therapy. 


If hypersensitivity pneumonitis is diagnosed, stop Cordarone and treat 
with steroids. If Cordarone-induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, iecit stop Cordarone or, minimally, 
reduce the dose. Some cases may resolve after dose reduction and 
steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis; however, pulmonary lesions 
are irreversible in some. 


WORSENED ARRHYTHMIA: Cordarone may cause serious 
exacerbation of a presenting arrhythmia, possibly enhanced by 
concomitant antiarrhythmic jm Exacerbation (about 2-596 in most 
series), includes new ventricular fibrillation, incessant ventricular 
tachycardia, increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foci in 2-496 of patients. 


LIVER INJURY: Increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if increase 
exceeds 3 times normal, or doubles in patient with elevated baseline. 
Rarely, hepetic failure has been fatal 


PREGNANCY — PREGNANCY CATEGORY D: Cordarone is embryotoxic 
(increased fetal resorption and growth retardation) in rats at 18 times 

the maximum recommended oral maintenance dose. Similar results are 
seen in one mice strain at about 1/2 the maximum recommended 
maintenance dose or higher, but not in a second strain nor rabbits at 
doses up to 9 times the maximum recommended maintenance dose 


Neonatal hypo- or hyperthyroidism: In utero exposure can cause 
fetal harm. There are some reports of congenital goiter/ hypothyroidism 
and hyperthyroidism. If used anytime during pregnancy apprise patient 
of potential fetal hazard. In general, use during pregnancy only if 
potential benefit to the mother justifies unknown fetal risk. 


Precautions 


CORNEAL MICRODEPOSITS; IMPAIRMENT OF VISION: Corneal 
microdeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up to 10% of patients have symptoms 
like visual halos or blurred vision. Microdeposits are reversible if dose 
reduced or treatment stopped; if asymptomatic, no need to reduce dose 
or stop drug. 


PHOTOSENSITIVITY: Seen in about 1096 of patients; sun-barrier 
creams or protective clothing may afford some protection. On long- 
term therapy, may have a blue-gray skin discoloration of exposed skin. 
Fair complexion or excess sun exposure may increase risk; also may 
be related to cumulative dose and therapy duration. 


THYROID ABNORMALITIES: Cordarone inhibits conversion of 
thyroxine (T4) to triiodothyronine (T4) and may cause increased 
thyroxine, decreased T4, and increased levels of inactive reverse T3 
(rl) in clinically euthyroid patients. Due to its release of inorganic 
iodine, or perhaps other reasons, Cordarone can cause either hypo- or 
hyperthyroidism. Monitor thyroid function before treatment and 
periodically thereafter, particularly in the elderly and those with history 
of thyroid nodules, goiter, or other thyroid dysfunction. Due to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid function, and abnormal thyroid-function tests 
may persist for weeks or months after withdrawal. 


pothyroidism occurred in 2-4% of patients in most series, but in 8- 
10% in some. To treat, reduce Cordarone dose and/or give thyroid 
DUNS supplement. Individualize therapy; may need to stop 

ordarone. 


Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypothyroidism due to 
possible arrhythmia breakthrough or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Flat TSH response to TRH is confirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
DT aggressive medical treatment is indicated, including, 
if possible, dose reduction or Cordarone withdrawal. Antithyroid drugs, 
B-blockers and/or temporary steroid therapy may be needed. (See full 
prescribing information for additional information regarding treatment). 


SURGERY: Hypotension Postbypass: Rarely, hypotension is seen on 
cessation of cardiopulmonary bypass during open-heart surgery in 
Cordarone patients; relationship to Cordarone is unknown. 

Adult Respiratory Distress Syndrome (ARDS): Rarely, ARDS 
occurs in Cordarone patients after surgery. Patients usually respond to 
vigorous respiratory therapy; rarely, the outcome is fatal. The 
mechanism may be generation of superoxide radicals during 
MUR therefore, keep operative FiO, as close to room air as 
possible. 


LABORATCRY TESTS: Elevated liver enzymes (SGOT and SGPT) can 
occur; monitor closely if high maintenance doses used. Consider dose 
reduction or stopping therapy if significant elevations persist or 
hepatomegaly occurs. 

Thyroid-function tests (increased T, and reverse T4, and decreased T4) 
vd be altered; despite these changes, most patients remain clinically 
euthyroid. 


DRUG INTERACTIONS: Few drug-drug interactions have been explored 
formally but most have shown an interaction. Thus, anticipate other 
interactions, especially drugs with —— serious toxicity, like other 
antiarrhythmics. With its long, variable half-life, a potential for 
interaction also exists with drugs given after stopping Cordarone. 


Digitalis: Serum digoxin increases (by up to 7096) and may reach 
toxic levels; onset is about 1 day. On initiation of Cordarone, 
review need for digitalis and reduce its dose by about 50% 
or stop it. If digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions probably also apply to digitoxin. 


Anticoagulants: Potentiation of warfarin-type anticoagulant response 
is almost always seen and can result in serious or fatal bleeding. 
Prothrombin time may increase by 100%; onset is 3 to 4 days. 
Reduce anticoagulant dose by 1/3 to 1/2, and monitor 
prothrombin times closely. 


Antiarrhythmic Agents: Although they have been used concurrently 
with Cordarone, steady-state levels of quinidine, procainamide, and 
phenytoin may increase during such combined therapy. Quinidine 


- 


serum concentrations may increase by 3396 within 2 olin 
Procainamide serum concentrations may increase by 55% (n-acetyl 
procainamide by 33%) in < 7 on In general, reserve such 
combinations for patients with life-threatening ventricular arrhythmias 
incompletely responsive to a single agent, or incompletely responsive 
to Cordarone (amiodarone HCI), and start any added antiarrhythmic at a 
lower than usual dose with careful monitoring. During transfer to 
Cordarone, reduce dose of previous agents 30-50% several days after 
adding Cordarone, when arrhythmia suppression should be starting. 
After Cordarone effects are established, discontinue other 
antiarrhythmics if possible. If treatment is maintained, continue 
monitoring carefully for adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. In Cordarone 
patients requiring additional antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 


Use Cordarone cautiously with B-blockers or calcium antagonists as 
bradycardia, sinus arrest, and AV block may be potentiated; if 
necessary, Cordarone can continue after pacemaker insertion in 
patients wita severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
if hypokalemia is present; correct any potassium or magnesium 
deficiency before starting drug. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male and female rats at 8 x the highest 
recommended human maintenance dose. Cordarone caused a 
Statistically significant, dose-related increase in thyroid tumors in rats. 
Incidence greater than control even at lowest dose tested, i.e., about 1/2 
the highest recommended human maintenance dose. Mutagenicity 
studies were negative. 


PREGNANCY: PREGNANCY CATEGORY D — See Warnings. 


LABOR AND DELIVERY: Occurrence of adverse effects during labor or 
delivery is unknown. Preclinical studies in rodents have shown no 
effect on gestation duration or parturition. 


NURSING MOTHERS: Cordarone is excreted in human milk; breast- 
feeding may expose nursing infants to a significant drug dose. Nursing 
offspring of lactating rats given Cordarone were less viable and had 
reduced body-weight gains. Advise mothers to discontinue nursing 
before taking. 


PEDIATRIC USE: Safety and effectiveness have not been established. 


Adverse Reactions: Adverse effects are very common (about 3/4 of 
all patients) with doses of 400 mg/day or more, and cause 7-18% to 
discontinue. The most serious are pulmonary toxicity, arrhythmia 
exacerbation, and rare serious liver injury (see "Warnings"), but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and virtually always reversible by stopping 
Cordarone. Most adverse effects appear more frequent with continued 
treatment beyond 6 months; rates appear relatively constant beyond 
one year. Neurologic problems, including malaise and fatigue, tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy are common (20-40% of patients); these may respond to 
dose reduction, rarely need to stop therapy. 


Gastrointestinal (G!) complaints, commonly seen with high doses 
(i.e., loading dose), usually respond to dose reduction or divided 
doses; rarely need to stop drug. 


Asymptomatic corneal microdeposits. See Precautions and full 
prescribing information. 


Photosensitivity. See Precautions and full prescribing information. 


Cardiovascular adverse reactions, other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (3%) and 
bradycardia. Bradycardia usually responds to dose reduction but may 
require a pacemaker. CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur infrequently and are reversible upon 
stopping drug. 

The following side-effect rates are based on a retrospective study of 
241 patients treated for 2 to 1,515 days (mean 441.3 days). 


Each reported in 10-33% of patients: Gi-Nausea and vomiting. 


Each reported in 4-9% of patients: Dermatologic-Solar 
dermatitis/photosensitivity; Neurologic-Malaise and fatigue, 
tremor/abnormal involuntary movements, lack of coordination, 
abnormal crier dizziness, paresthesias; Gl Constipation, 
anorexia; Ophthalmologic- Visual disturbances; Hepatic-Abnormal 
liver-function tests; Respiratory Pulmonary inflammation or fibrosis. 


Each reported in 1-3% of patients: Thyroid—Hypo- or 
A Neurologic-Decreased libido, insomnia, headache, 
sleep disturbances; Cardiovascular—CHF, cardiac arrhythmias, SA 
node dysfunction; GI-Abdominal pain; Hepatic-Nonspecific hepatic 
disorders; Other—Flushing, abnormal taste and smell, edema, abnormal 
salivation, coagulation abnormalities. 


Each reported in < 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosis, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis, cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most frequently requiring Cordarone discontinuation 
include pulmonary infiltrates or fibrosis, paroxysmal ventricular 
tachycardia, CHF, and elevated liver momes: Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, hyper- or hypothyroidism. 

Overdosage: The few reports of Cordarone overdose, in which 3 to 8 
grams were taken, resulted in no deaths or permanent sequelae. Animal 
Studies indicate that Cordarone has a high oral LOsg (>3,000 mg/kg). 
Along with iy supportive measures, monitor patient's cardiac 
rhythm and blood pressure; if bradycardia ensues, may use a 
B-adrenergic agonist or pacemaker. Use positive inotropic and/or 
vasopressor agents to treat hypotension with i uate tissue 
perfusion. Neither Cordarone nor its metabolite is dialyzable. 


Dosage and Administration: See ful! prescribing information. 
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Utility of Contrast Echocardiography in the 
Evaluation of a Suspected Right Atrial Mass 


Mark Nootens, MD, Kenneth Ford, MD, and Stephen Devries, MD 


ontinuing advances in echocar- 
diographic imaging permit the 
detection of subtle structural cardiac 
abnormalities. Proper interpretation 
of images requires knowledge of nor- 
mal variants or minimally abnormal 
findings which may mimic signifi- 
cant pathology. We report 2 cases in 
which an unusual presentation of a 
pericardial effusion seen adjacent to 
the right atrium simulates a right 
atrial mass and demonstrate the utili- 
ty of contrast echocardiography in 
the evaluation of a suspected mass. 
CASE 1: A 45-year-old man un- 
derwent transesophageal echocardi- 
ography after mitral valve replace- 
ment for evaluation of a suspected 
right atrial mass seen on a routine 
postoperative transthoracic echocar- 
diogram. A linear echo density with 


From the Section of Cardiology, Department 
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nois 60680. Manuscript received November 1, 
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FIGURE 2 (left). Microcavi- 
tations fill the right atrium 
(RA) posterior to the sus- 
pected mass revealing a locu- 
lated pericardial effusion 


FIGURE 3 (right). Color flow 
imaging confirms the ab- 
sence of blood flow in the re- 
gion anterior to the right atri- 
al wall. LA - left atrium; PE 
= pericardial effusion; 

RA = right atrium. 


FIGURE 4 (left). Transthoracic echocar- 


irregular borders traversed the right 
atrium (Figure 1). To better define 
this structure, an intravenous saline 
contrast study was performed. Mi- 
crocavitations filled the right atrium 
posterior to the echo density, reveal- 
ing an anterior echolucent region. 
The absence of blood flow into this 
region demonstrated with contrast 
echocardiography permitted correct 
identification of this anterior area as 
a loculated pericardial effusion and 
the "linear mass" as the free wall of 
the right atrium (Figure 2). Similar- 
ly, color flow imaging confirmed the 
absence of blood flow in the pericar- 
dial space anterior to the suspected 
“mass” (Figure 3). 

CASE 2: A 21-year-old man 
with a history of chronic renal fail- 
ure on hemodialysis was admitted 
because of hypotension, and an echo- 
cardiogram was recorded to rule out 
cardiac tamponade. The apical 4- 
chamber view revealed a linear mo- 
bile structure that was seen extend- 
ing into the posterior right atrium 


from the interatrial septum (Figure 
4). To better define this structure, 
an intravenous saline contrast study 
was performed. Microcavitations 
clearly opacified the right atrium 
and ventricle but did not enter the 
cavity posterior to the suspected 
mass (Figure 5). 

These cases illustrate that the 
presence of a loculated pericardial ef- 
fusion may give the free wall of the 
right atrium the appearance of a 
right atrial mass. In both cases, sa- 
line contrast studies clearly demon- 
strated an extracardiac echolucent 
space consistent with a pericardial 


Suspected RA 
DE E D SL E A E E e elu: 





FIGURE 1. Transesophageal echocar- 
diography—modified 4-chamber view 
showing a suspected right atrial mass. 
LA = left atrium; RA = right atrium. 





diogram—4-chamber view showing a sus- 
pected right atrial mass. LA - left atrium; 
RA - right atrium. 


FIGURE 5 (right). Contrast enhances the 
right atrium (RA) revealing a loculated 
pericardial effusion (PE) posteriorly. LA = 
left atrium. 





CASE REPORTS 833 


effusion adjacent to the suspected 
mass, permitting correct identifica- 
tion of the “mass” as the free wall of 
the right atrium. The use of contrast 
is particularly important for this ap- 
plication when color flow imaging is 
suboptimal. 

The differential diagnosis of a 
mass in the right atrium includes 
both pathologic and nonpathologic 
entities. Cardiac thrombi, myxoma 
and metastatic tumors can all present 
as a mass in the right atrium. Non- 
pathologic conditions which have 
been reported to simulate a right atri- 
al mass include a prominent Eusta- 
chian valve,! the Chiari network,” 
and an atrial septal defect with a sep- 


tal flap? A pericardial cyst may 
resemble a pericardial effusion but 
typically is lined by a thick-walled 
sac. There have been previous reports 
of a pericardial effusion mimicking a 
left atrial thrombus after coronary 
bypass surgery^ and of pericardi- 
al adhesions simulating a left atrial 
mass after blunt cardiac trauma.? 
The cases presented demonstrate 
that a loculated pericardial effusion 
can give the free wall of the right 
atrium the appearance of an intra- 
cardiac mass. These examples dem- 
onstrate the utility of contrast echo- 
cardiography in correctly identifying 
a loculated pericardial effusion and, 
therefore, prevent the mistaken iden- 
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tification of a pathologic right atrial 
mass. 
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From the Astra/Merck Research Programs 
NEW FROM MERCK SHARP & DOHME 


ENDIL 
(FELODIPINE ~ MSD) 


Tablets, 5 mg 10 mg 








A calcium channel blocker that provides 
* once-a-day dosing 
e vascular selectivity 


e savings from 23% to 60% compared 


with the starting doses of other once-a-da 
calcium channel blockers : 


*Based on the usual recommended starting dose(s) from the manufacturers' current product information for 

once-a-day calcium channel blockers for hypertension. Prices are manufacturers’ direct prices, if available, or average 
wholesale prices from Medi-Span® Prescription Pricing Guide, February 1992, based on the most frequently purchased 
package size for each strength. 


PLENDIL is contraindicated in patients who are hypersensitive to this product. Felodipine, like other calcium 
antagonists, may occasionally precipitate significant hypotension and, rarely, syncope. It may lead to reflex 
tachycardia, which in susceptible individuals may precipitate angina pectoris. (See ADVERSE REACTIONS.) 


Although acute hemodynamic studies in a small number of patients with NYHA Class ll or III heart failure treated 
with felodipine have not demonstrated negative inotropic effects, safety in patients with heart failure has not 
been established. Caution, therefore, should be exercised when using PLENDIL in patients with heart failure or 
compromised ventricular function, particularly in combination with a beta blocker. 


Please see the Brief Summary of Prescribing Information on the next page of this advertisement. 


PLENDIL is a registered trademark of AB Astra. eo Printed on recycled paper 


IN MILD-TO-MODERATE HYPERTENSION, 








New once-a-day 


ENDIL 


(FELODIPINE ~ MSD) 





Available in: 





5mg 


10 mg 


PLENDIL focuses more activity on vascular smooth muscle 
than cardiac muscle, reducing blood pressure principally 

as a consequence of a dose-related decrease of peripheral 
vascular resistance in man with a modest reflex increase 


in heart rate. 


CONTRAINDICATIONS: PLENDIL is contraindicated in patients 
who are hypersensitive to this product. 


PRECAUTIONS: General: Hypotension: Felodipine. like other 
calcium antagonists, may occasionally precipitate significant hypo- 
tension and rarely syncope. It may lead to reflex tachycardia which 
in re ia individuals may precipitate angina pectoris. (See 
ADVERSE REACTIONS.) 


Heart Failure: Although acute hemodynamic studies in a small 
number of patients with NYHA Class II or IIl heart failure treated with 
felodipine have not demonstrated negative inotropic effects. safety 
in patients with heart failure has not been established. Caution 
therefore should be exercised when using PLENDIL in patients with 
heart failure or compromised ventricular function, particularly in 
combination with a beta blocker. 


Patients or Patients with Liver Function: Patients 
over 65 years of age or patients with impairec liver function may have 
elevated plasma concentrations of felodipine and may therefore 
respond to lower doses of PLENDIL. These patients should have 
their blood pressure monitored closely during dosage adjustment of 
PLENDIL and should rarely require doses above 10 mg. (See CLIN- 
ICAL PHARMACOLOGY and DOSAGE AND ADMINISTRATION ) 


Peripheral Edema: Peripheral edema. generally mild and not as- 
sociated with generalized fluid retention, was the most common ad- 
verse event in the clinical trials. The incidence of peripheral edema 
was both dose- and age-dependent. Frequency of peripheral 
edema ranged from about 10 percent in patients under 50 years of 
age taking 5 mg daily to about 30 percent in those over 60 years of 
age taking 20 mg daily. This adverse effect generally occurs within 
2-3 weeks of the initiation of treatment. 


Information for Patients: Patients should be instructed to take 
PLENDIL whole and not to crush or chew the tablets. They should be 
told that mild gingival hyperplasia (gum swelling) has been re- 
ported. Good dental hygiene decreases its incidence and severity. 


NOTE: As with many other drugs. certain advice to patients being 
treated with PLENDIL is warranted. This information is intended to 
aid in the safe and effective use of this medication. It is not a disclo- 
sure of all possible adverse or intended effects. 


Interactions: Beta-Blocking Agents: A pharmacokinetic 
study of felodipine in conjunction with metoprolol demonstrated no 
significant effects on the pharmacokinetics of felodipine The AUC 
and C~. of metoprolol, however, were increased approximately 31 
and 38 percent, respectively. In controlled clinical trials, however, 
beta-blockers including metoprolol were concurrently adminis- 
tered with felodipine and were well tolerated. 

Cimetidine: In healthy subjects pharmacokinetic studies showed 
an approximately 50 percent increase in the area under the plasma 
concentration time curve (AUC) as well as the Ca of felodipine 
when e concomitantly with cimetidine It is anticipated that a 
riri: bn gn interaction may occur in some hypertensive pa- 
tients refore, it is recommended that low doses of PLENDIL be 
used when given concomitantly with cimetidine. 

Digoxin: When given concomitantly with felodipine the peak 
plasma concentration of digoxin was significantly increased. There 
was, however, no significant change in the AUC of digoxin. 

Other Concomitant : In healthy subjects there were no 
Clinically significant interactions when felodipine was given con- 
comitantly with indomethacin or spironolactone. 


Interaction with Food: See CLINICAL PHARMACOLOGY. Phar- 
macokinetics and Metabolism. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two- 
year carcinogenicity study in rats fed felodipine at doses of 77 23.1 
or 69.3 mg/kg/day (up to 28 times* the maximum recommended hu- 
man dose on a mg/m” basis), a dose-related increase in the inci- 
dence of benign interstitial cell tumors of the testes (Leydig cell 
tumors) was observed in treated male rats These tumors were not 
observed in a similar study in mice at doses up to 138.6 mg/kg/day 
(28* times the maximum recommended human dose on a mg/m? 
basis). Felodipine, at the doses employed in the two-year rat study, 
has been shown to lower testicular testosterone and to produce a 
Corresponding increase in serum luteinizing hormone in rats. The 
Drag cell tumor development is possibly secondary to these hor- 
monal effects which have not been observed in man 

In this same rat study a dose-related increase in the incidence 
of focal squamous cell hyperplasia compared to control was ob- 
served in the esophageal groove of male and female rats in all dose 
groups. No other drug-related esophageal or gastric pathology was 
observed in the rats or with chronic administration in mice and dogs 
The latter species, like man, has no anatomical structure compar- 
able to the esophageal groove. 

Felodipine was not carcinogenic when fed to mice at doses of 
up to 138.6 mg/kg/day (28 times* the maximum recommended hu- 
man dose on a mg/m? basis) for periods of up to 80 weeks in males 
and 99 weeks in females 

Felodipine did not display any mutagenic activity in vitro in the 
Ames microbial din reir test or in the mouse lymphoma for- 
ward mutation assay. No clastogenic potential was seen in vivo in 
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the mouse micronucleus test at oral doses up to 2500 mg/kg (506 
times* the maximum recommended human dose on a mg/m? basis) 
or in vitro in a human lymphocyte chromosome aberration assay 

A fertility study in which male and female rats were adminis- 
tered doses of 3.8, 9.6 or 26.9 mg/kg/day showed no significant ef- 
fect of felodipine on reproductive performance 


Pregnancy: Pregnancy Category C: Teratogenic Effects. Studies in 
pregnant rabbits administered doses of 0.46, 1.2, 2.3 and 4.6 mg/kg/ 
day (from 0.4 to 4 times’ the maximum recommended human dose on 
a mg/m? basis) showed digital anomalies consisting of reduction in 
size and degree of ossification of the terminal phalanges in the fetuses 
The frequency and severity of the changes appeared dose-related 
and were noted even at the lowest dose. These changes have been 
shown to occur with other members of the dihydropyridine class and 
are possibly a result of compromised uterine blood flow. Similar fetal 
anomalies were not observed in rats given felodipine. 

In a teratology study in cynomolgus monkeys no reduction in 
the size of the terminal phalanges was observed but an abnormal 
position of the distal phalanges was noted in about 40 percent of the 
fetuses. 


Nonteratogenic Effects: A prolongation of parturition with difficult 
labor and an increased frequency of fetal and early postnatal 
deaths were observed in rats administered doses of 9.6 mg/kg/day 
(4 times* the maximum human dose on a mg/m’? basis) and above. 

Sigrificant enlargement of the mammary glands in excess of 
the normal enlargement for pregnant rabbits was found with doses 
greater tnan or equal to 1.2 mg/kg/day (equal to the maximum hu- 
man dose on a mg/m* basis). This effect occurred only in pregnant 
rabbits and regressed during lactation. Similar changes in the 
mammary glands were not observed in rats or monkeys 

There are no adequate and well-controlled studies in pregnant 
women. if felodipine is used during pregnancy, or if the patient be- 
comes pregnant while taking this drug, she should be apprised of 
the potential hazard to the fetus, possible digital anomalies of the 
infant, and the potential effects of felodipine on labor and delivery. 
and on the mammary glands of pregnant females 


Nursing Mothers: It is not known whether this drug is secreted in 
human milk and because of the potential for serious adverse reac- 
tions from felodipine in the infant, a decision should be made 
whether to discontinue nursing or to discontinue the drug, taking 
into account the importance of the drug to the mother 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: In controlled studies in the United States 
and overseas approximately 3000 patients were treated with felodi- 
pine as either the extended-release or the immediate-release for- 
mulatior. 

The most common clinical adverse experiences reported with 
PLENDII* (Felodipine, MSD) administered as monotherapy in all 
settings and with all dosage forms of felodipine were peripheral 
edema and headache. Peripheral edema was generally mild, but it 
was age- and dose-related and resulted in discontinuation of ther- 
apy in about 4 percent of the enrolled patients. Discontinuation of 
therapy due to any clinical adverse experience occurred in about 9 
percent of the patients receiving PLENDIL, principally tor penpheral 
edema, headache, or flushing. 

Adverse experiences that occurred with an incidence of 1.5 
percent or greater during monotherapy with PLENDIL without re- 
gard to causality are compared to placebo in the table below 


Percent of Patients with Adverse Effects in Controlled Trials 
of PLENDIL as Monotherapy (Incidence of discontinuations 
shown in parentheses) 


PLENDIL% Placebo % 


Adverse Effect N=730 N=283 
Peripheral Edema 22.3 (4.2) 35 
Headache 186 (2.1) 10.6 
Flushing 64 (1.0) 1.1 
Dizziness 5.8 (0.8) 3.2 
Upper Respiratory Infection 523. (0.1) 1.1 
Asthenia 47 (0.1) 28 
Cough 29 (0.0) 0.4 
Paresthesia 2.5 (0.1) 18 
ey scm 2.3 (0.0) 1.4 
Chest Pain 21 (0.1) 14 
Nausea 19 (08) 1.1 
Muscle Cramps 19 (00) 1.1 
Palpitation 1.8 (0.5) 25 
Abdominal Pain 1.8 (0.3) 11 
Constipation 1.6 (0.1) 1.1 
Diarrhea 1.6 (0.1) 11 
Pharyngitis 16 (0.0) 0.4 
Rhinormea 16 (0.0) 0.0 
Back Pain 1.6 (0.0) T7 
Rash 15 (0.1) 1.1 
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Inthe two dose response studies using PLENDII* (Felodipine, MSD) 
as monotherapy, the following table describes the incidence 
(percent) of adverse experiences that were dose-related 


Placebo 5.0mg 10.0 20 = 
Adverse Effect N=121 N= N=1 N= 
Peripheral Edema 2.5 13.9 195 36.0 
Palpitation 0.8 00 24 12.0 
Headache 12.4 11.3 187 28.0 
Flushing 0.0 2.8 8.1 20.0 


In addition, adverse experiences that occurred in 0.5 up to 1.5 per- 
cent of patients who received PLENDIL in all controlled clinical stud- 
ies (listed in order of decreasing severity within each category) and 
Serious adverse events that occurred at a lower rate or were found 
during marketing experience (those lower rate events are in italics) 
were: Body as a Whole: Facial edema, warm sensation; Cardiovas- 
cular: Tachycardia, myocardial infarction, hypotension, syncope, 
angina pectoris, arrhythmia; Digestive: Vomiting, dry mouth, flatu- 
lence. Hematologic: Anemia; Musculoskeletal: Arthralgia, arm 
pain, knee pain, leg pain, foot pain, hip pain, myalgia: Nervous/Psy- 
chiatric: Depression, iar disorders, insomnia, irritability, ner- 
vousness, somnolence: Respiratory: Bronchitis, influenza. 
sinusitis, dyspnea, epistaxis, respiratory infection, sneezing; Skin 
Contusion, erythema. urticaria; Urogenital’ Decreased libido, im- 
potence. urinary frequency, urinary urgency, dysuria 

Felodipine, as an immediate release formulation, has also been 
Studied as monotherapy in 680 patients with hypertension in U.S 
and overseas controlled clinical studies. Other adverse experi- 
ences not listed above and with an incidence of 0.5 percent or 
greater include: Body as a Whole: Fatigue; Digestive: Gastrointesti- 
nal pain; Musculoskeletal: Arthritis, local weakness. neck pain. 
shoulder pain, ankle pain; Nervous/Psychiatric: Tremor: Respira- 
tory: Rhinitis; Skin: Hyperhidrosis, pruritus; Special Senses: Blurred 
vision, tinnitus: Urogenital: Nocturia. 


Gingival Hyperplasia: Gingival hyperplasia, usually mild, occurred 
in «0.5 percent of patients in controlled studies. This condition may 
be avoided or may regress with improved dental hygiene. (See 
PRECAUTIONS, Information for Patients ) 


Clinical Laboratory Test Findings: Serum Electrolytes: No sig- 
nificant effects on serum electrolytes were observed during short- 
and long-term therapy (see CLINICAL PHARMACOLOGY Renal! 
Endocrine Effects) 


Serum Glucose: No significant effects on fasting serum glucose 
were observed in patients treated with PLENDIL in the US con- 
trolled study 


Liver Enzymes: One of two episodes of elevated serum trans- 
aminases decreased once drug was discontinued in clinical stud- 
ies; no follow-up was available for the other patient. 


OVERDOSAGE: Oral doses of 240 mg/kg and 264 mg/kg in male 
and female mice, respectively, and 2390 mg/kg and 2250 mg/kg in 
male and female rats, respectively, caused significant lethality 

In a suicide attempt, one patient took 150 mg felodipine to- 
gether with 15 tablets each of atenolol and spironolactone and 20 
tablets of nitrazepam. The patient's blood pressure and heart rate 
were normal on admission to hospital: he subsequently recovered 
without significant sequelae 

Overdosage might be expected to cause excessive peripneral 
vasodilation with marked hypotension and possibly bradycardia 

If severe hypotension occurs. symptomatic treatment should 
be instituted. The patient should be placed supine with the legs ele- 
vated. The administration of intravenous fluids may be useful to treat 
hypotension due to overdosage with calcium antagonists, In case of 
accompanying bradycardia, atropine (0.5-1 mg) should be admin- 
istered intravenously. Sympathomimetic drugs may also be given if 
the physician feels they are warranted 

It has not been established whether felodipine can be removed 
from the circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: The recommended intial dose 
is Smg once a day. Therapy should be adjusted individually accord- 
ing to patient response, generally at intervals of not less than two 
weeks. The usual dosage range is 5-10 mg once daily. The maxi- 
mum recommended daily dose is 20 mg once a day That dose in 
clinical trials showed an increased blood pressure response but a 
large increase in the rate of peripheral edema and other vasodila- 
tory adverse events (see ADVERSE REACTIONS). Modification of 
the recommended dosage is usually not required in patients with 
renal impairment 

PLENDIL should be swallowed whole and not crushed or 
chewed 


Use in the Elderly or Patients with Impaired Liver Function: Pa- 
tients over 65 years of age or patients with impaired liver function 
because they may develop higher plasma concentrations of felodi- 
pine, should have their blood pressure monitored closely durinc 
dosage adjustment (see PRECAUTIONS). In general. doses above 
10 mg should not be considered in these patients. 





For more detailed information, consult your MSD 
Representative or see complete Prescribing Information. 


Merck Sharp & Dohme, Division of Merck & Co., Inc., 
West Point, PA 19486. 
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READERS' COMMENTS 


Alternative Surgical Procedure 
to Cardiac Transplantation for 
Giant Coronary Artery 
Aneurysms Complicating 
Kawasaki Disease 


We read with interest the recent 
report by Travaline et al! on the 
first case of cardiac transplantation 
for coronary artery aneurysms in 
Kawaski disease. The authors pre- 
sent cardiac transplantation as an 
alternative treatment for giant cor- 
onary artery aneurysms because of 
the limited survival of grafts, and 
the continuing risk of thrombosis 
and distal embolization. Neverthe- 
less, the postoperative course of pa- 
tients undergoing coronary bypass 
grafting for coronary aneurysm 
seems to be similar to that of pa- 
tients undergoing operation for cor- 
onary stenosis.” However, the lat- 
ter procedure does not prevent the 
risk of myocardial infarction by dis- 
tal embolism or thrombosis of the 
aneurysm which could also involve 
important collateral vessels. In ad- 
dition, a coronary aneurysm cannot 
be resected, as has been proposed 
by Dubost,* when it includes impor- 
tant vessels. In these rare cases, we? 
have described another surgical 
procedure which consists of closing 
the ostium of the diseased vessels 
and performing an aortocoronary 
vein bypass implanted distal to the 
aneurysm and perfusing not only 
the downstream artery but also the 
aneurysm and the upstream coro- 
nary artery. This operation perfuses 
the collateral vessels of the aneu- 
rysm itself and at the same time 
prevents the risk of distal embolism. 

Because of the complications and 
long-term uncertainty of cardiac 
transplantation in this young popu- 
lation, we propose that in giant cor- 
onary artery aneurysms complicat- 
ing Kawasaki disease this new sur- 
gical procedure could be considered 
as a useful alternative to cardiac 


transplantation. 
Joseph Emmerich, mp 
Daniel Thomas, mp 
Paris, France 
4 September 1991 


Letters (from the United States) concerning a 
particular article in the Journal must be re- 
ceived within 2 months of the article’s publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 
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de l’artére coronaire droite. Ann Chir 
Thor Car 1970;9:39-43. 

5. Emmerich J, Thomas D, Drobinski G, 
Canny M, Gandjbakhch I, Grosgogeat Y. 
Diagnosis of coronary aneurysms in sib- 
lings: treatment with a new surgical pro- 
cedure. Eur Heart J 1989:10:91-96. 


Correlation of Minimum 
Coronary Lumen Diameter with 
Left Ventricular Functional 
Impairment Induced by 

Atrial Pacing 


The article by Tobis et al! com- 
pares the relative usefulness of (1) 
coronary luminal percent diameter 
stenosis versus (2) minimum coro- 
nary lumen diameter in predicting 
the functional significance of a 
right coronary artery or left anteri- 
or descending coronary artery ste- 
nosis. A minimum lumen diameter 
<1.5 mm identified all patients 
with right coronary artery narrow- 
ing showing left ventricular func- 
tional impairment; however, there 
was some overlap among patients 
with such left anterior descending 
lesions and those with minimum 
lumen between 2.2 and 1.6 mm. 
Would the authors look at their 
data on patients with left anterior 
descending lesions and see if com- 
bining percent diameter stenosis 
with minimum coronary lumen di- 
ameter improves results in the in- 
termediate group with minimum 
lumen between 2.2 and 1.6 mm? If 
so, it may be preferable to state 
both diameter percent stenosis fol- 
lowed by minimum lumen diameter 
in brackets (or vice versa) when de- 
scribing a coronary stenosis. In ad- 
dition, the statement of both these 
values would also tell the reader 


something about the size of the ves- 


sel under consideration. 


Azhar Faruqui, MBBS, FRCP 
Karachi, Pakistan 


25 July 1988 


1. Tobis J, Sato D, Nalcioglu O, Johnston 
WD, Mallery J, See J, Qu L, Reese T, 
Paynter J, MontelliS, Henry WL. Corre- 
lation of minimum coronary lumen diam- 
eter with left ventricular functional im- 
pairment induced by atrial pacing. Am J 
Cardiol 1988;61:697-703. 


Vasomotor Response to 
Ergonovine of Proximal and 
Distal Coronary Segments 


In their recent article, Tousoulis 
et al! showed that the reactivity to 
nitrates and to ergonovine differs 
in proximal and in distal coronary 
segments. They suggest that the 
greater reactivity of distal segments 
could result from a different re- 
sponse of neural receptors, differ- 
ent smooth muscle cell membrane 
properties or differential pharma- 
cologic behavior of smooth muscle. 
Another possible explanation, not 
mentioned by the authors, could re- 
late to differences in endothelium- 
derived relaxing factor activity at 
different levels of the coronary ar- 
tery tree. Ergonovine, like other er- 
got alkaloids, causes contraction of 
vascular smooth muscle cells main- 
ly by activation of 5-HT>-seroton- 
ergic receptors and may activate 5- 
HT;-serotonergic receptors of the 
endothelium to trigger the release 
of endothelium-derived relaxing 
factor. The net response to ergono- 
vine of the vascular smooth muscle 
cells is thus the result of direct con- 
strictor effects and indirect endo- 
thelium-mediated dilator effects.?? 

There are important differences 
among different vessels in the 
amount of endothelium-derived re- 
laxing factor released in basal con- 
ditions or in response to agents 
stimulating its production, and in 
the sensitivity of vascular smooth 
muscle to that factor.* These differ- 
ences may explain why various seg- 
ments of the vascular tree react dif- 
ferently in response to agents whose 
effect is modulated by the endothe- 
lium, like ergonovine. Although dif- 
ferences in neural control or in vas- 
cular smooth muscle cell properties 
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may contribute to the differential 
response of proximal and distal epi- 
cardial coronary arteries reported 
by the authors, the greater reactiv- 
ity to ergonovine of the distal nor- 
mal coronary segments could also 
reflect a less effective role of the 
endothelium of these distal seg- 
ments in modulating the vasomotor 
tone of the underlying vascular 


smooth muscle. 
Hanet, mp 
Brussels, Belgium 
31 July 1991 


1. Tousoulis D, Kaski JC, Bogaty P, Crea 
F, Gavrielides S, Galassi AR, Maseri A. 
Reactivity of proximal and distal angio- 
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REPLY: Hanet proposes another 
possible explanation for our finding 
of a greater reactivity of distal than 
proximal coronary segments in re- 
sponse to ergonovine: “. . . differ- 
ences in endothelium-derived relax- 
ing factor activity at different levels 
of the coronary artery tree." This is 
an interesting possibility perhaps 
endorsed by recent reports'? of a 
significantly larger constrictor re- 
sponse of distal coronary segments 
to the administration of serotonin in 
patients with coronary artery dis- 
ease who most probably had a dam- 
aged endothelium. 

In our study;? however, the great- 
er vasomotor response of the distal 
vessels was similar whether ergono- 
vine or nitrates were administered, 
and whether angiographically nor- 
mal or stenotic segments were con- 
sidered. Thus, in our patients ergo- 
novine appears to have had a direct 
coronary constrictor action. In view 
of these findings, in our article we 


did not speculate on the pathoge- 
netic role of endothelium, because 
we considered that the evidence for 
reduced production or release of 
endothelium-derived relaxing fac- 
tor(s) in the distal coronary tree in 
humans was scarce. The potential 
mechanisms suggested in our arti- 
cle and that proposed by Hanet are 
still a matter of speculation but de- 


serve careful attention. 
Dimitris Tousoulis, mp 
Juan Carlos Kaski, mp 
London, England 
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Usefulness of Nifedipine in 
Acute Myocardial Infarction 


In the recent article by Yusuf et 
al,! our INTACT study? was men- 
tioned, especially with regard to the 
mortality distribution among the 2 
groups of patients receiving nifedi- 
pine (80 mg/day) and placebo, re- 
spectively. We believe that we were 
misquoted. First, the investigators 
included total and not cardiac mor- 
tality for their analysis of a possi- 
ble negative effect of nifedipine on 
acute myocardial infarction. In our 
opinion this is not admissible, be- 
cause there is no proof that nifedi- 
pine (or any other calcium antago- 
nist) increases the incidence of non- 
cardiac death. The investigators 
also do not mention any literature 
on this point. Second, although in 
INTACT there was a total of 10 
cardiac deaths (8 in the nifedipine 
group and 2 in the placebo group), 
the p value (0.105) (Fisher's exact t 
test, 2-sided) was not significant. 
Unfortunately, Yusuf et al do not 
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further differentiate the causes of 
cardiac death in the 2 groups, which 
(due to lack of space) were not spec- 
ified in the original report. How- 
ever, these data were published in a 
letter to the editors of Lancet in 
July 1990, as well as in Cardiovas- 
cular Drugs and Therapy.^ The 
data show that all 8 cardiac deaths 
in the nifedipine group were in pa- 
tients with myocardial infarction 
before entry into the study. How- 
ever, only 3 of these patients died, 
all from reinfarctions (2 without ni- 
fedipine for >2 months). In addi- 
tion, there were 3 sudden cardiac 
deaths (1 without nifedipine for 2 
months) and 2 unwitnessed deaths 
of unknown causes, which were in- 
cluded in the cardiac deaths. Of the 
2 patients who died from myocardi- 
al infarction on placebo, only 1 had 
a prior myocardial infarction; the 
other died from a new myocardial 
infarction. Thus, the only new myo- 
cardial infarction in a patient enter- 
ing the study with a normal left ven- 
tricle was in the placebo group! In 
all, there were 20 new myocardial 
infarctions: 15 nonfatal, 7 on place- 
bo, and 8 on nifedipine (p = 0.814 
for group differences [chi-square 
test]). In conclusion, INTACT did 
not show any group differences 
with regard to acute myocardial in- 
farctions (9 with placebo including 
2 deaths, and 11 on nifedipine in- 
cluding 3 deaths). 

We agree that statistical multi- 
plicity has immense problems, but 
this is also true for any meta-analy- 
sis, because it includes studies of 
various designs with various end 
points. Also for INTACT, the de- 
sign was not to test total mortality, 
but to test the antiatherosclerotic 
effect of nifedipine in patients with 
coronary artery disease, as seen 
during angiography over an inter- 
val of 3 years. Finally, with regard 
to the formation of new lesions it 
seems to us somewhat arbitrary to 
quote only the nonsignificant dif- 
ference among patients (17% less 
on nifedipine; p = 0.129; 2-sided) 
and not the significant difference of 
—28% in the number of new lesions 
per patient (p = 0.034; 2-sided; 
Cochran's linear trend test). As 
there were more patients in the pla- 
cebo group with >1 new lesion than 
in the nifedipine group, the number 


of lesions per patient seems to us 
also important for risk stratifica- 
tion, because each coronary lesion 
is a risk for myocardial infarction. 
A patient with 5 new stenoses is cer- 
tainly at a higher risk than a patient 
with only 1. 

Hence, if one is performing a 
meta-analysis, all the facts should 
be weighted very carefully. Finally, 
if the possibility of an adverse effect 
of a drug on myocardial infarction 
is analyzed, one should primarily 
deal with cardiac and not total mor- 
tality. 

Paul R. Lichtlen, mp 


Hannover, Germany 
8 July 1991 
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REPLY: We thank Professor Licht- 
len for his comments regarding our 
article. He raises 2 issues: The first 
issue relates to our use of all-cause 
instead of cardiac mortality from 
the INTACT study.! The large ma- 
jority of overviews of randomized 
clinical trials in cardiovascular dis- 
ease have focused on all-cause mor- 
tality, including our original arti- 
cle? and the recent update.’ All- 
cause mortality has the distinct 
advantage of being based on a sim- 


ple count without any element of 
judgment and, thus, essentially be- 
ing free of bias. It is also available 
from all trials. Since 80 to 9096 of 
deaths in cardiovascular trials are 
cardiac, and there are no data to 
suggest that nifedipine increases 
the risk of noncardiac deaths, the 
difference between an overview re- 
porting on all-cause or cardiac mor- 
tality is small. We believe that this 
is worth the price of obtaining com- 
plete and bias-free data, especially 
in secondary prevention trials. 

In small trials with few deaths, 
such as INTACT, the play of 
chance may give the appearance 
of a distinction between various 
modes of deaths. The strength of 
our overview is the inclusion of all 
known trials of calcium antagonists 
rather than focusing on a specific 
trial. The overall data suggest that 
mortality is increased with the use 
of dihydropyridine calcium antago- 
nists. However, there may be some 
uncertainty concerning the magni- 
tude of the adverse effect. 

The second issue raised by Licht- 
len regards the presentation of an- 
giographic data from his trial. It 
appears that the primary goal of 
his trial was to assess angiographic 
progression overall. There is no dif- 
ference between the active and con- 
trol groups on this end point. The 
claim of an effect on prevention of 
new lesions is data-derived and, 
moreover, utilizes inappropriate 
statistical methods. Randomization 
in this trial is by patient (not by 
lesion), and therefore, the unit of 
analysis has to be the individual pa- 
tient.? From a physiologic point, the 
rates of lesion changes in different 
parts of a coronary tree within an 
individual patient are likely to be 
correlated. Moreover, the entire 
coronary tree within an individual 
is subjected to the same interven- 
tion. 

Therefore, the analysis of the de- 
velopment of new lesions has to take 
the unit of randomization (which is 
the individual patient and not each 
lesion) into account. In the primary 
paper,! the only analysis that uti- 
lizes such an approach is the com- 
parison of the number of patients in 
each group who develop new lesions 
(70 of 173 in the active vs 85 of 175 
in the control). This is not statisti- 


cally significant. Furthermore, in 
18% of patients, follow-up angio- 
grams were not available. The po- 
tential influence of these missing 
data on the analysis requires clarifi- 
cation. 

The only analysis that includes all 
randomized patients and reaches 
statistical significance in INTACT 
is the adverse effect of nifedipine 
on total mortality. Whereas the ap- 
parent excess may be exaggerated 
by the play of chance in this trial, 
the adverse trend is consistent with 
data from other related trials of 
dihydropyridines calcium antago- 
nists. Therefore, the totality of evi- 
dence indicates that on balance 
these agents are likely to be more 
harmful than beneficial to patients 
with ischemic heart disease. There 
are no data indicating benefit to 


clinical end points in such patients. 
usuf, MBBS, MRCP, DPhil 

Bethesda, Maryland 

Peter Held, pnp 

Goteborg, Sweden 

Curt Furberg, mp 


Winston Salem, North Carolina 
20 September 1991 
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Atrial Natriuretic Factor and 
Transmural Pressures 


Serra et al! contribute important 
insights into the physiology of atrial 
natriuretic factor (ANF) release by 
demonstrating attenuation in ANF 
production in patients with right 
ventricular (RV) infarction compli- 
cating inferior wall left ventricular 
infarction. They suggest plausible 
mechanisms, including RV necrosis 
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and right atrial ischemia reducing 
the amount of tissue available for 
synthesis and storage of ANF. I 
would like to suggest an additional 
mechanism: reduction of RV trans- 
mural pressure. It is clear that myo- 
cardial stretch, dependent on trans- 
mural pressure, is the key mecha- 
nism in ANF release.?? Since RV 
infarction acts like constrictive 
pericarditis hemodynamically, pro- 
ducing pressure curves and clini- 
cal findings resembling that condi- 
tion,* one may speculate that in- 
creased intrapericardial pressure 
due to RV dilation, within even a 
normal pericardium, reduces trans- 
mural pressure, thereby attenuat- 
ing the stimulus for ANF release 
without blocking ANF entirely, as 
may happen with zero net trans- 
mural pressure in cardiac tampon- 


ade.? 
David H. Spodick, mp, DSc 
Worcester, Massachusetts 
30 September 199] 
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Prospective Identification 

by Two-Dimensional 
Echocardiography of Anomalous 
Origin of the Left Main Coronary 
Artery from the Right Sinus 

of Valsalva 


Maron et al! described a young 
patient in whom a coronary arterial 
anomaly (anomalous origin of the 
left main coronary artery from the 
right sinus of Valsalva) was recog- 
nized prospectively by echocardiog- 
raphy. In their report, effectively, 
echocardiography allowed the iden- 
tification of an abnormal origin 
of the left main coronary artery 


from the right sinus of Valsalva. 
However, in my opinion, the angio- 
graphic description of the course of 
this anomalous coronary artery is 
incorrect. According to the investi- 
gators, “the left main coronary ar- 
tery coursed posteriorly between 
the aorta and the pulmonary ar- 
tery.” The right and left anterior 
oblique views (Figure 3) show a 
caudal anterior loop evoking a sep- 
tal course.? According to Ishikawa 
and Brandt,’ a caudal initial loop 
(as observed in Figure 3) is incom- 
patible with an interarterial course 
(whose angiographic feature is a 
cranial posterior loop). Another 
method to delineate the true course 
of anomalous coronary arteries in 
adults, using only the right anterior 
view, was recently described by 
Serota et al*: the “dot and eye" 
method (when the course is interar- 
terial “the contrast column of the 
left anterior coronary artery will be 
seen 'on end' anterior to the aorta 
and it will appear as a radiopaque 
dot"). In the case described by 
Maron et al, the right anterior 
oblique projection shows an ellipse 
(an eye"), with the left main coro- 
nary artery forming the inferior 
portion and the circumflex forming 
the superior portion. This aspect 
evokes a septal course. 





FIGURE 1. Lateral projection from our 
21-year-old patient! showing course of 
left coronary artery. Right Judkins 
catheter selectively engaged left coro- 
nary artery off right sinus, and early 
opacification of artery is demonstrated. 
Course of left coronary artery is clearly 
posterior to main pulmonary artery 
(identified by placement of pigtail cath- 
eter). 
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If there is a high incidence of isch- 
emia and sudden death with the in- 
terarterial course, the septal course 
of the left main is probably a benign 


anomaly.^ 
Pr. Gilles Grollier, mp 
Caen, France 
15 August 199] 
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REPLY: We thank Dr. Grollier for 
his thoughtful comments and inter- 
est in our report of a patient with 
anomalous origin of the left main 
coronary artery from the right (an- 
terior) sinus of Valsalva, first iden- 
tified by two-dimensional echocar- 
diography. We carefully considered 
the issues raised by Grollier with 
regard to the angiographic demon- 
stration of coronary artery anatomy 
in our patient, but upon reflection 
nevertheless remain convinced that 
the left main coronary artery origi- 
nates from the anterior sinus and 
follows a posterior course between 
the aorta and pulmonary artery. 
This conclusion is based on the fol- 
lowing evidence: (1) The course of 
the left coronary between the great 
vessels was confirmed by intraoper- 
ative inspection. (2) The lateral an- 
giographic view (Figure 1) clearly 
shows the left main coronary artery 
to be situated posterior to the pul- 
monary artery (the position of the 
pulmonary artery is identified by 


the pigtail catheter that was intro- 
duced into it). Furthermore, in the 
article cited by Grollier,? the au- 
thors did not report anatomic vali- 
dation of coronary artery distribu- 
tion in their patient, either by in- 
traoperative verification or by situ- 
ating a reference catheter in the 
pulmonary artery. The reliability of 
the angiographic sign cited by Grol- 
lier (“caudal anterior loop") re- 


mains to be determined. 
Barry J. Maron, mp 
Richard O. Cannon Ill, mp 
Bethesda, Maryland 
3 October 1991 


Mechanism of Still’s Murmur 


Although Still’s murmur has long 
been recognized as a functional 
heart murmur, its origin is still a 
matter for debate. It was not long 
ago that Still’s murmur was 
thought to originate from the out- 
flow tract of the right ventricle due 
to trigonoidation of the pulmonic 
valve cusps in systole.! However, 
more recent work showed it to origi- 
nate from the left ventricular out- 
flow tract.2> Use of Doppler-echo 
technique further confirmed that 
there is a relation between vibrato- 
ry phenomena within the left ven- 
tricle and Still’s murmur.* The 
study by Klewer et al? provided at 
long last the missing prerequisite 
for Koch's postulates (i.e., Still's 
murmur could now be produced in 
normal subjects by increasing aor- 
tic velocity using dobutamine stress 
echocardiography). 

The role of left ventricular bands? 
or false tendons’ remains uncer- 
tain.4 The fact that hemodynamic 
values obtained by Klewer et al cor- 
relate best with body surface area 
may help explain why Still’s mur- 
mur is heard most often in young 
children. The finding by Gardiner 
and Joffe* that children with Still's 
murmur had significant bradycar- 
dia serves to explain why it often 
becomes louder in the supine posi- 
tion (i.e., when the heart rate natu- 


rally slows). 
Tsung O. Cheng, mp 
Washington, D.C. 
8 October 1991 
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Suspected But Unconfirmed 
Acute Myocardial Infarction — 
“Quo Tandem Catalina Nostra 
Patientia Vos Abutere?" 


Just as Cicero questioned Cata- 
line as to how long he would con- 
tinue to challenge the tolerance of 
his Roman colleagues, so it remains 
of concern that patients hospital- 
ized for suspected but unconfirmed 
myocardial infarction still often re- 
main inadequately evaluated, with 
potential adverse outcome. 

Among patients admitted to the 
coronary care unit at Grady Memo- 
rial Hospital between July 1970 
and June 1971 with a history com- 
patible with acute myocardial in- 
farction, we described a compara- 
ble 1-year mortality rate and inci- 
dence of myocardial infarction 
whether or not patients developed 
confirmatory electrocardiograms 
or serum enzyme changes of infarc- 
tion. In those early years of coro- 
nary arteriography and surgery, we 
suggested that comparable care 
and surveillance were required for 
both subgroups.! 

In 1988, reports from both Den- 
mark? and Sweden? again con- 
firmed that among patients admit- 
ted with suspected but unconfirmed 
myocardial infarction, postdis- 
charge risk of infarction or cardiac 
death was virtually the same as for 


those with confirmed myocardial 
infarction. Risk stratification pro- 
cedures, now generally accepted 
and available, were recommended 
to identify the high-risk subgroups 
among these patients to initiate ear- 
ly aggressive evaluation and inter- 
vention. 

The message has not changed in 
1991. In a report of short-stay coro- 
nary observation unit outcomes, the 
investigators appropriately cite that 
such strategy is mandatory^; expe- 
ditious predischarge exercise test- 
ing may augment the efficiency of 
such observation units, because of 
the comparable prognosis of pa- 
tients admitted for acute ischemic 
pain with and without infarction.? 
Although ambulation was under- 
taken in all these short-stay pa- 
tients before discharge, only 19% 
had formal exercise testing, and 
none had coronary arteriography; 
1.226 incurred myocardial infarc- 
tion within 72 hours, although 99% 
survived to 6 months.^ 

The recommendation for atten- 
tion to this subset of coronary pa- 
tients has not changed with time, 
save for the changing technology- 
based approach to risk evaluation. 
If hospitalization was appropriate 
for a chest pain syndrome compati- 
ble with acute myocardial ischemia 
and if no other reasonable etiology 
for this pain syndrome was demon- 
strated, comparable evaluation for 
risk status is warranted regardless 
of whether there is laboratory con- 
firmation of the occurrence of myo- 
cardial infarction. Exercise test- 
based procedures are the contempo- 
rary recommended approaches to 


risk stratification. 
Nanette K. Wenger, MD 
Atlanta, Georgia 
17 October 1991 
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Urokinase Versus Heparin in 
Acute Myocardial Infarction: No 
Difference? 


Although the results reported by 
Rossi et al! suggest the absence of a 
16-day mortality difference be- 
tween heparin (control group) and 
urokinase plus heparin in acute 
myocardial infarction, the investi- 
gators did not discuss adequately 
some of the factors that may have 
prevented the demonstration of any 
underlying difference. The sample 
size calculation was purportedly 
based on an expected mortality rate 
of 12% in the control group and a 
16.7% reduction in mortality with 
urokinase (i.e., reduced to 10%). 
Under these assumptions, a sample 
size of 3,940 per arm (7,880 total) 
would provide 80% power at the 2- 
sided 0.05 level, rather than the 
1,500 per arm (3,000 total) quoted 
in this report. A study based on ex- 
pected mortality rates of 12 and 
10% that only calls for 1,500 pa- 
tients per arm provides only 39% 
power. Furthermore, data were 
only available on a total of 2,201 
patients in this study, further re- 
ducing the power to 30%. 

Clinically, the control group in- 
cluded significantly more non-Q- 
wave myocardial infarctions (12.5 
vs 8.0%; p = 0.0008). This may 
have biased the mortality results in 
favor of the control group. It is well- 
recognized that patients with non- 
Q-wave myocardial infarction have 
a high incidence of reinfarction and 
recurrent ischemia during long- 
term follow up, whereas short-term 
mortality is about 50% lower than 
in Q-wave myocardial infarction.” 
Therefore, it may have been ap- 
propriate to prestratify for non-Q- 
wave myocardial infarction. 

We recognize that the study was 
initiated in 1985 at a time when in- 


formation on dosing regimens for 
urokinase in acute myocardial in- 
farction was scarce. However, data 
generated in subsequent years sug- 
gest that Rossi's regimen was sub- 
optimal. Angiographic data and se- 
rum fibrinogen levels after throm- 
bolysis were not presented; such 
information would have been help- 
ful in establishing whether the 
study regimen of 2,000,000 IU in- 
duced clot lysis and whether a sys- 
temic lytic state was present. The 
latter is believed to be key to the 
prevention of early reocclusion.? 
Neuhaus et al^ showed comparable 
90-minute infarct-related artery 
patency rates between recombinant 
tissue-type plasminogen activator 
and urokinase, using a 3,000,000 
IU dose of urokinase divided equal- 
ly between a bolus and an infusion 
over 90 minutes. The same regimen 
of urokinase in the Thrombolysis 
and Angioplasty in Myocardial In- 
farction-Phase 5 trial? yielded re- 
sults of equal efficacy when com- 
pared with that of recombinant tis- 
sue-type plasminogen activator in 
acute myocardial infarction. 

In view of the demonstrated im- 
portance of aspirin and heparin in 
effective thrombolysis and mortali- 
ty reduction, it was unfortunate 
that adjunctive therapy with these 
agents was not controlled beyond 
48 hours; the investigators had the 
option of continuing not to use, or 
to initiate aspirin, oral anticoagu- 
lants or subcutaneous calcium hep- 
arin therapy. Such control of these 
agents should have been a part of 
the protocol until the observation 
period (16 days) was completed. 

John C. Sobolski 


25 September 199] 
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REPLY: We read with interest the 
comments of Sobolski et al on our 
article.! We are very grateful to 
them for elaborating on some of the 
shortcomings of the study. How- 
ever, we do not believe this corre- 
spondence worth publishing for the 
following reasons: First, all the 
points raised in the letter (the same 
addressed by the reviewers during 
the revision process of the paper) 
were adequately and extensively 
discussed in the article. Second, in 
order to highlight the potential de- 
ficiencies of the study, we included 
in the article a detailed limitation 
section. We believe that this section 
put the data into proper perspec- 
tive, allowing a better understand- 
ing of the importance of the results, 
as well as the inconsistencies of the 
study with regard to other major 
mortality trials. 

Any other comment on our part 
would be a mere repetition of what 


was already stated in our article. 
Paolo Rossi, mp 
Novara, Italy 
21 October 1991 


Musical Murmurs 


I have followed with interest the 
Tucson group’s studies on the ori- 
gin of Still’s murmur.!? They have 
well-documented the ability of do- 
butamine to increase cardiac out- 
put and aortic flow velocity, but the 
production of Still’s murmur is not 
documented. I accept their asser- 
tion, but question whether there is a 
causal relation between aortic ve- 
locity and Still’s murmur. It seems 
equally or more likely that the mu- 


sical murmur is produced by an ae- 
olian phenomenon in the right ven- 
tricle by chordae tendenae, since 
the usual location for the Still's 
murmur is the lower left sternal 
border. 

A classic study of musical mur- 
murs was reported by McKusick et 
al? Their instrumentation consist- 
ed of a Bell sound-spectrograph 
that provided a detailed time-fre- 
quency-intensity plot for the docu- 
mentation of musical qualities of 
murmurs, as contrasted to the noise 
of regurgitant or stenotic murmurs. 
They demonstrated musical mur- 
murs in various conditions and an- 
alyzed the sources of harmonics. 
They also presented analogies to 
musical instruments: (1) the Aeo- 
lian harp effect created by chordae, 
(2) the Pan pipe effect of air move- 
ment in bronchi created by cardiac 
displacement, and (3) the musical 
reed effect created by a retroverted 
aortic cusp. They emphasized that 
they could separate these from the 
usual murmurs of (for example) 
aortic stenosis and that hemody- 
namic changes could produce 
changes in intensity and even quali- 
ty of murmurs. 

It is not evident to what structure 
Klewer et al! attribute the musical 
phenomenon they feel they have 
produced (i.e., what could produce 
the harmonics necessary for musi- 
cality, as opposed to noise, in a nor- 
mal left ventricular outflow tract). 

I salute the efforts of these inves- 
tigators to bridge the gap between 
Doppler and the stethoscope. I hope 
they will consider adding spectral 
analysis of sound, as well as consid- 
eration of McKusick et al's? physi- 
cal concepts in their ongoing work. 


Warren G. Guntheroth, wb 
Seattle, Washington 
3] October 1991 
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REPLY: Dr. Guntheroth has raised 
interesting questions regarding the 
origin of Still’s murmur. We appre- 
ciate his reference to the classic 
works of McKusick et al.l? McKu- 
sick’s innovative approach using 
spectroanalysis provided a unique 
method to assess heart murmurs. 
Our group has for several years 
been using spectroanalysis of heart 
murmurs and sounds to evaluate 
cardiac lesions and prosthetic 
valves.?^ In particular, we previous- 
ly demonstrated that the dominant 
frequencies contained in heart mur- 
murs are related to the instanta- 
neous jet velocities distal to associ- 
ated obstructions. We have not as 
yet applied this technique to pa- 
tients with Still's murmur. 

Our recent report? did not direct- 
ly address the etiology of the Still's- 
like murmur. In a prior reportó we 
established a left ventricular out- 
flow tract velocity range at which 
Stil's murmur becomes more fre- 
quent. In that report we found no 
similar velocity range contribution 
for the pulmonary artery. Multiple 
causes have been proposed for the 
origin of murmurs in general, and 
Still's murmur in particular. Vibra- 
tion of cardiac structures, turbu- 
lence, cavitation and periodic wake 
fluctuations? have been proposed 
as etiologies for cardiac murmurs. 
While McKusick et al? hypothe- 
sized that left ventricular bands 
could cause musical murmurs, our 
earlier study$ did not show a signifi- 
cant relation between presence of 
left ventricular bands and Still’s 
murmur. Bruns,? in a model of cir- 
culation, demonstrated that period- 
ic wake fluctuations similar to Aeo- 
lian tones could generate vibratory 
murmurs in the presence of very mi- 
nor obstructions. A more recent 
study by Sabbah and Stein? sug- 
gests that turbulent flow is the 
cause of innocent murmurs. The 
dominant frequencies noted in our 
earlier studies? suggest that period- 
ic wake fluctuations or vortex shed- 
ding is most likely involved in the 
production of murmurs distal to an 
obstructive orifice. Murmur pro- 
duction may be possible when in- 
creased flow velocities are noted 
distal to minor discontinuities, such 
as those caused by normal valves or 
chordae, but to date no in vivo data 


are available to support this hy- 
pothesis. 

Our recent study? did not attempt 
to investigate the origin of Still’s 
murmur. We did demonstrate that 
a murmur similar to Still’s murmur 
could be produced in normal sub- 
jects when an adequate velocity is 
attained in the ascending aorta. 
This finding is compatible with 
many theories explaining the origin 
of Still’s murmur. Further informa- 
tion may or may not be obtained 
using spectroanalysis. However, a 
more definitive explanation for the 
creation of Still’s vibratory murmur 
would most likely need more inva- 
sive techniques to define the ex- 
act timing, location, spectrum and 
propagation characteristics of the 
murmur, and these studies are not 
warranted in pediatric patients 
without heart disease. 


Richard L. Donnerstein, mp 
Stanley J. Goldberg, mp 
Scott E. Klewer, mp 
Tucson, Arizona 

3 January 1992 
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Complications Associated with 
New-Onset Atrial Fibrillation 


I read the article by Friedman! in 
the Journal. The authors have ad- 
dressed a significant and common 
problem. It would have been more 
meaningful if the authors would 
have evaluated the data according 
to the principles of formal decision 
analysis. Calculation of pertinent 
test measures (true-positive rate — 
TPR, false-positive rate — FPR, 
likelihood ratio positive — LR+, 
and likelihood ratio negative — 
LR-) Table I reveals the following 
individual clinical variables are 
good predictors of complications: 
current use of antiarrhythmic ther- 
apy (pathognomonic, e.g., no false 
positives); history of congestive 
heart failure (LR+ = 7.80); left 
bundle branch block (LR+ = 7.0); 
jugular venous pulse distension 
(LR+ = 6.50); severe left ventricu- 
lar dysfunction on echocardiogra- 
phy (LR+ = 4.40); and current di- 


goxin therapy (LR+ = 3.70). How- 
ever, no individual symptom or sign 
was helpful in ruling out the possi- 
bility of a complication. Left atrial 
size 240 mm on echocardiography 
had the highest TPR (0.78) and the 
lowest LR— (0.39). It is doubtful 
clinicians would find this test useful 
in reassuring patients and them- 
selves that future complications are 
unlikely. The authors state that 13 
of 18 patients with complications 
had at least 1 of 4 findings, e.g., 
jugular venous pulse distension, 
pulmonary rales, peripheral edema, 
or a history of congestive heart fail- 
ure. However, they do not report 
combinations of other findings or 
the number of patients without 
complications who had 1 or more of 
these findings. I suggest the authors 
review their data focusing on the 
following combinations: history — 
presyncope, dyspnea and palpita- 
tions; history — previous conges- 
tive heart failure, current use of di- 
goxin therapy, and current use of 

















TP FP 








Presyncope 


TABLE I Use of Clinical Findings to Predict Complications 
Associated with New-Onset Atrial Fibrillation 


(n = 18) (n = 80) TPR FPR LR+ LR- 












0.36 


antiarrhythmic therapy; physical 
examination — jugular venous 
pulse distension, peripheral edema, 
mitral regurgitation murmur and 
pulmonary rales; and laboratory 
data — left bundle branch block 
and congestive heart failure on 
chest x-ray. One can assume that 
the TPR would increase signifi- 
cantly and the LR— would decrease 
significantly if only 1 finding of 
the combination was required to be 
present (rule out the possibility of a 
complication); and conversely the 
FPR would decrease significantly 
and the LR+ would increase signif- 
icantly if all findings of the combi- 
nation were required to be present 
(confirm the likelihood a complica- 
tion will occur) (Table II). This 
technique has been used in a similar 
study.? No doubt the results from 
such an analysis by Friedman et al 
would be more helpful at the bed- 
side than the data presented in their 
original article. 


David A. Nardone, mp 
Portland, Oregon 
30 April 1991 
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Dyspnea 14 42 0.78 
Palpitations 04 14 0.22 
Fatigue 10 25 0.56 
Nausea or vomiting 05 46 0.28 
CHF 07 04 0.39 
Smoking 11 22 0.61 
Current digoxin therapy 06 07 0.33 

0.11 





Physical Signs 





Antiarrhyth. therapy 02 00 
05 


Jugular venous pulse 07 


distens. 
Periph. edema 08 14 
Rales 10 21 











LBBB 05 










CHF or edema chest 07 12 0.39 
X-ray 

Abnormal chest x-ray 10 25 0.56 

Elevated CPK 09 17 0.50 

Elevated CPK-MB 06 09 0.33 

Left atrium » 40 mm 14 35 0.78 
echo 

LV dysfunct. Echo 10 29 0.56 

Severe LV dysfunct. 04 04 0.22 
Echo 








distension; d 







with new-onset atrial fibrillation. 





0.53 
0.18 
0.31 
0.58 
0.05 
0.28 
0.09 
0.00 


1.47 
1.22 
1.81 
7.80 
2.18 
3.70 


0.47 
0.95 
0.64 
0.64 
0.54 
0.83 


Infinity — 





0.39 0.06 6.50 0.65 





0.44 0.18 2.44 0.68 
0.56 0.26 2.15 0.60 






McAfee JM. Usefulness of Physical Ex- 
amination in Detecting the presence or 
absence of Anemia. Arch Intern Med 
1990;150:201-204. 


TABLE II Use of Combination of Findings to Predict 
Complications Associated with New-Onset Atrial Fibrillation 


Complication(s) from Lack of Complications 
New-Onset Atrial from New-Onset Atrial 
Fibrillation (n = 18) Fibrillation (n = 80) 


True positives False positives 


False negatives True negatives 


Best for predicting 
complication(s) will not 
0.15 2.60 0.72 occur 
Presence of 1, 2 or 3 (at 
0.31 1.81 0.64 least 1) findings of the 
0.21 2.38 0.63 combination 
0.11.3100 75 None of the findings of 
0.44 1.77 0.39 the combination 
present 
0.36 1.56 0.69 Best for predicting 
0.05 4.40 0.82 










CHF = congestive heart failure; CPK = creatinine phosphokinase; distens. = 
unct. = dysfunctional; Echo = echocardiography; FP = false positives; 
FPR = false-positive rate; LBBB = left bundle branch block; LR+ = likelihood ratio 
sitive; LR— = likelihood ratio negative; LV = left ventricular; TP = true positives; 
PR = true-positive rate; 18 = number of patients with complications associated with 
new-onset atrial fibrillation; 80 = number of patients without complications associated 
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complication(s) will 
occur 
Presence of all findings 
of the combination 
None, 1 or 2 of the find- 
ings of the combination 
present 


True positives False positives 


False negatives True negatives 
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Acid Paper Makes Brittle 
Journals and Books 


The editor's latest editorial! on 
preserving publications by using al- 
kaline paper is most sobering. Be- 
side the explanation given for the 
origin of the acid in the paper, there 
is another reason why the paper was 
acidic. To prevent running of the 
printing ink on the paper, a sizing or 
filler has to be used, which has an 
acid reaction.? The sizing is a com- 
bination of alum and resin, which 
results in a pH of about 4.8. Paper 
contains adsorbed water to the ex- 
tent of 4 to 6% of the weight of the 
cellulose. The hydrogen ions cata- 
lyze hydrolysis of the cellulose, de- 
stroying its strength and supple- 
ness. When the pH is 7 or slightly 
above, paper can remain strong and 
supple for many hundreds of years. 

As the editorial pointed out, satis- 
factory paper need be neither acidic 
nor expensive to produce. A sizing 
containing magnesium or calcium 
carbonate maintains the pH at a 
safe level.? The cost of such paper is 
about the same as that of acid pa- 
per. Problems of future degradation 
would be lessened if editors, pub- 
lishers and readers insisted on the 
use of acid-free paper. If the Annals 
of Internal Medicine switched to al- 
kaline paper, why can't the other 


journals follow suit? 
Tsung O. Cheng, mp 
Washington, D.C. 
19 December 1991 
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Placebo-Controlled or Active- 
Controlled Trials for Variant 
Angina Pectoris? 


I would like to offer a couple of 
comments on the article by Mori- 
kami and Yasue entitled “Efficacy 
of Slow-Release Nifedipine on 
Myocardial Ischemic Episodes in 
Variant Angina Pectoris" which 
appeared in the September 1, 1991, 
issue of the Journal. 

In the introduction section the in- 
vestigators state that “for the treat- 
ment of variant angina the efficacy 
of calcium antagonists have been 
shown.” In fact, in this syndrome 


calcium antagonists have been 
proven to be effective either in con- 
trolling anginal symptoms or in re- 
ducing myocardial infarctions and 
deaths. In a previous study,! the au- 
thors themselves showed that cal- 
cium antagonist treatment is the 
most powerful predictor of survival. 
Unfortunately, in the present study 
they behave as if they had disre- 
garded this issue since they de- 
signed a placebo-controlled trial. 
We are concerned about ethics in 
performing a placebo-controlled 
trial in patients in whom “the at- 
tacks are often unstable and may 
result in acute myocardial infarc- 
tion and sudden cardiac death.” 
Moreover, we don’t see how a single 
blind study could avoid these risks 
in ambulatory patients and there- 
fore, for future investigations in 
variant angina we strongly recom- 
mend active-controlled trials. 

We agree with the authors that 
the administration of slow release 
nifedipine either once or twice a day 
is highly effective in reducing isch- 
emic attacks, but “suppress” is a 
mighty big word, especially when 
taking into consideration the pres- 
ence of 26 residual ischemic epi- 
sodes during single dose nifedipine 
treatment. Concerning this point 
the conclusive sentence, “the ad- 
ministration of slow-release nifedi- 
pine 20 mg once a day at 10 P.M. or 
twice a day at 10 P.M. and at 6 A.M. is 
highly effective in suppressing not 
only symptomatic but also asymp- 
tomatic myocardial ischemia in pa- 
tients with variant angina" is mis- 
leading. Would it mean that the 
authors recommend once daily ad- 
ministration of slow release nifedi- 
pine at 10 P.M. despite that they 
clearly demonstrated that this regi- 
men does not ensure 24-hour anti- 


anginal protection? 
Diego Ardissino, MD 
Stefano Savonitto, mp 
Pavia, Italy 
9 December 1991 
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prognosis for patients with variant angina 
and influential factors. Circulation 1988; 
78:1-9. 


REPLY: We appreciate the com- 
ments of Ardissino and Savonitto 


on our paper that appeared in the 
September 1, 1991, issue of this 
Journal. They comment that be- 
cause calcium antagonists have 
proved effective in controlling angi- 
nal symptoms and reducing myo- 
cardial infarction and death, they 
are concerned about ethics of per- 
forming a single-blind, placebo- 
controlled trial in patients with var- 
iant angina. They recommend ac- 
tive-controlled trials in variant 
angina. In answer to their com- 
ments, we would like to draw their 
attention to the following points: 
(1) Although many papers have re- 
ported the efficacy of calcium an- 
tagonists on variant angina, there 
are few papers that convincingly 
showed the efficacy of these drugs 
on variant angina on the basis of 
placebo-controlled crossover study. 
(2) The study period was short, i.e., 
16 days during which all of the pa- 
tients were hospitalized and under 
constant monitoring. (3) The active 
(another calcium antagonist)-con- 
trolled study would need a far 
greater number of patients to show 
statistically significant results or 
would show no conclusion because 
the number of attacks would be re- 
duced markedly by these drugs. 
Moreover, there are not so many 
patients with variant angina, even 
in Japan. (4) The prognosis of pa- 
tients with variant angina is rela- 
tively good, particularly in those 
without significant organic coro- 
nary stenosis or with 1-vessel dis- 
ease. Of the 15 patients in this 
study, 7 had no significant organic 
coronary stenosis, 6 had 1-vessel 
disease and only 2 had 2-vessel dis- 
ease as shown in Table I in the text. 

Ardissino and Savonitto also 
comment on the presence of 26 re- 
sidual ischemic episodes in 3 pa- 
tients when the drug was given once 
a day at 10:00 P.M. However, these 
episodes appeared from 5:08 P.M. to 
10:53 P.M. when the plasma levels of 
nifedipine seemed to be low, and the 
episodes disappeared when the drug 
was given also at 6 A.M., as men- 
tioned in the text. As described in 
the conclusion and the abstract of 
the paper, we emphasized that the 
timing of the administration of 
slow-release nifedipine is an impor- 
tant factor in suppressing ischemic 
episodes. Because ischemic epi- 
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sodes in patients with variant angi- 
na occur usually from midnight to 
early morning, we recommend the 
administration of slow-release ni- 
fedipine once a day at 10 P.M. or 
twice a day at 10 P.M. and 6 A.M., 
depending on the pattern and fre- 
quency of episodes in an individual 
patient.! 


Kumamoto City, Japan 
27 December 1991 
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Nonfasting Triglycerides and 
Insurance Companies 


The National Cholesterol Educa- 
tion Program guidelines! rightfully 
emphasize the importance of low- 
density lipoprotein cholesterol in 
the management of algorithm; 
however, triglycerides take a back 
seat. Evidence is accumulating that 
triglyceride-rich lipoproteins have 
atherogenic potential, and new 
management strategies for hyper- 
triglyceridemia have been pro- 
posed.? 

Triglycerides are routinely mea- 
sured in the fasting state. It is obvi- 
ous that most of the time we are not 
fasting, and presumably our arteri- 
al walls remain exposed to triglyc- 
eride-rich lipoproteins.? There are 
data suggesting that normolipidem- 
ic subjects with coronary artery dis- 
ease have delayed clearance of tri- 
glyceride-rich lipoproteins,* which 
supports the theory that the slow 
removal of these lipoproteins pro- 
motes atherogenesis. Additionally, 
hypertriglyceridemia is a procoagu- 


lant state that may be amenable to 
dietary intervention.? 

Are we measuring triglycerides at 
the wrong time? Postprandial rath- 
er than fasting triglyceride mea- 
surements may be more useful in 
the risk prediction and manage- 
ment of coronary disease. These is- 
sues should be explored. Not long 
ago it occurred to me that there is 
probably some important informa- 
tion at our disposal. In midafter- 
noon I had a brief *'insurance 
exam” as part of the process to in- 
crease my life insurance. The test- 
ing included a nonfasting triglycer- 
ide level. I will bet that insurance 
companies have a wealth of infor- 
mation in their data banks regard- 
ing the relation of nonfasting tri- 
glyceride levels to future coronary 
events and mortality in both men 
and women. I wish they would 


share it. 
Mark R. Goldstein, mo 
Upland, Pennsylvania 
27 December 199] 
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Differentiation of Digoxin- 
Induced ST-Segment Changes 
from ischemia-induced ST- 


Segment Depression During 
Holter Monitoring 


I read with interest the recent ar- 
ticle by Mooss et al! on false-pos- 
itive ST-depression after digoxin 
administration detected by ambu- 
latory electrocardiographic moni- 
toring. Although it is true that di- 
goxin may produce ST-segment de- 
pression on ambulatory electrocar- 
diographic monitoring in healthy 
subjects, it should not be confused 
with ST depression due to coronary 
artery disease. Digoxin shortens the 
QT interval, whereas myocardial 
ischemia in coronary artery disease 
prolongs it. Therefore, digoxin-in- 
duced ST depression is always asso- 
ciated with a shortened QT interval 
(as was evident in Figure 1 of the 
article), whereas ischemic ST de- 
pression is usually associated with a 


prolonged QT interval. 
Tsung O. Cheng, mo 
Washington, D.C. 
10 December 1991 
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Correction 


In the December 15, 1991 issue, 
Table I on page 1725 of the Brief 
Report, “Lymphoproliferative Dis- 
order Early After Cardiac Trans- 
plantation” by Rinde-Hoffman et 
al, incorrectly lists patient 2 as 
male. Patient 2 was a 34-year-old 
woman. 
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MEVA 
(LOVASTATIN) 


CONTRAINDICATIONS: Hypersensitivity to any component of this medication. 

Active liver disease or unexplained persistent elevations of serum transami- 
nases (see WARNINGS). 

Pregnancy and lactation. 

Atherosclerosis is a chronic process, and the discontinuation of lipid-lower- 
ing drugs during pregnancy should have little impact cn the outcome of long- 
term therapy of primary hypercholesterolemia. Moreover, cholesterol and other 

roducts of the cholesterol biosynthesis pathway are essential components for 
etal development, including synthesis of steroids and cell membranes. 
Because of the ability of inhibitors of HMG-CoA reductase such as MEVACOR 
to decrease the synthesis of cholesterol and possibly other products of the 
cholesterol biosynthesis pathway, MEVACOR may cause fetal harm when 
administered to a pregnant woman. Therefore, lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of childbearing 
age e when Such patients are highly unlikely to conceive. If the patient 
becomes pregnant while taking this drug. lovastatin should be discontinued. 
and the patient should be apprised of the potential hazard to the fetus 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more than 3 
times the upper limit of normal) in serum transaminases occurred in 1.9% of 


- adult patients who received lovastatin for at least 1 year in early clinical trials 


(see ADVERSE REACTIONS). When the drug was interrupted or 
discontinued in these patients, the transaminase levels usually fell slowly to 
pretreatment levels, The increases usually appeared 3 to 12 months after the 
Start of therapy with lovastatin and were not associated with jaundice or other 
clinical signs or symptoms. There was no evidence cf hypersensitivity. In the 
EXCEL study (see CLINICAL PHARMACOLOGY. Clinical Studies in the full 
Prescribing Information), the incidence of marked persistent increases in 
serum transaminases over 48 weeks was 0.1% for placebo, 0.1% at 20 
mg/day, 0.9% at 40 mg/day, and 1.5% at 80 mg/day in patients on lovastatin. 
However, in post-marketing experience with MEVACOR, symptomatic liver dis- 

ease has been reported rarely at all dosages (see ADVERSE REACTIONS). 
It is recommended that liver function tests be performed during therapy 
with lovastatin. Serum transaminases, including ALT (SGPT), should be 
before treatment begins, every 6 weeks during the first 3 months, 


-— 8 weeks during the remainder of the first year, and periodically there- 


(e.g., at approximately 6-month intervals). Special attention should be 
paid to patients who develop elevated serum transaminase levels, and, in these 
patients, measurements should be repeated promptly and then performed 
more frequently. If the transaminase levels show evidence of progression, par- 


ticularly if they rise to 3 times the upper limit of normal and are persistent, the 
"drug should be discontinued. Liver biopsy should be considered if elevations 
are 


mew beyond the discontinuation of the drug. 

drug should be used with caution in patients who consume substantial 
quantities of alcohol and/or have a past history of liver disease. Active liver dis- 
ease or unexplained transaminase elevations are contraindications to the use 


- of lovastatin. 


As with other lipid-lowering agents, moderate (less than 3 times the upper 


limit of normal) elevations of serum transaminases have been reported follow- 


ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 
appeared soon after initiation of therapy with MEVACOR, were often transient, 
were not ie by any symptoms, and interruption of treatment was 
not required. 


Skeletal Muscle: Rhabdomyolysis has been associated with lovastatin ther- 


apy alone, when combined with immunosuppressive therapy including 
cyclosporine in cardiac transplant patients, and when combined in non- 
jA arina an : patients with either 4 or lipid-lowering doses (> g/day) 
of nicotinic acid. Some of the ients had preexisting renal i - 
ciency, usually as a consequence of long-standing diabetes. Acute renal 
failure from rhabdomyolysis has been seen more commonly with the lova- 
statin-gemfibrozil combination and has also been reported in transplant 

patients receiving lovastatin plus cyclosporine. 
Rhabdomyolysis with or without renal impairment has been reported in 
seriously ill patients receiving erythromycin concomitantly with lovastatin. 
re, patients receiving concomitant lovastatin and erythromycin should 


- be carefully monitored. 


Fulminant rhabdomyolysis has been seen as early as 3 weeks after initi- 


ation of combined therapy with gemfibrozil and lovastatin, but may be seen 


after several months. For these reasons, it is felt that, in most subjects who 


have had an unsatisfactory lipid response to either drug alone, the possible 


benefits of combined therapy with lovastatin and gemfibrozil do not out- 
weigh the risks of severe — rhabdomyolysis, and acute renal fail- 
ure. While it is not known is interaction occurs with fibrates other 
than gemfibrozil, myopathy and rhabdomyolysis have occasionally been 
associated with the use of other fibrates alone, including clofibrate. 
Therefore, the combined use of lovastatin with other fibrates should gener- 


. ally be avoided. 
T cians contemplating combined therapy with lovastatin and lipid- 


ng doses of nicotinic acid or with immunosuppressive drugs should 


carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs and 


toms of muscle pain, tenderness, or weak- 
ness, ularly during the initial months of therapy and during any art 
ods ee dosage titration of either drug. Periodic creatine phosphoki- 
nase (CPK) determinations may be considered in such situations, but there 
is no assurance that such monitoring will prevent the occurrence of severe 
myopathy. The monitoring of lovastatin drug and metabolite levels may be 
considered in transplant patients who are treated with immunosuppressives 
and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in any 
patient with an acute, serious condition suggestive of a myopathy or having 
a risk factor predisposing to the development of renal failure secondary to 
rhabdomyolysis, including: severe acute infection, hypotension, major 
surgery, trauma, severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures. 

being has been associated with lovastatin therapy. Transient, mildly ele- 
vated CPK levels are commonly seen in lovastatin-treated patients. However, in 
early clinical trials, approximately 0.5% of patients developed a myopathy, i.e., 
Pep; or muscle weakness associated with markedly elevated CPK levels. In 
the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), 5 patients (0.1%) taking lovastatin alone (1 at 40 mg 
q.p.m. and 4 at 40 mg b.i.d.) developed myopathy (muscle symptoms and CPK 
levels >10 times the upper limit of normal). Myopathy should be considered in 
any patient with diffuse myalgias, muscle tenderness or weakness, and/or 
marked elevation of CPK. Patients should be advised to report promptly any 
unexplained muscle pain, tenderness, or weakness, particularly if accompanied 
by malaise or fever. Lovastatin therapy should be discontinued if markedly ele- 
vated CPK levels occur or myopathy is diagnosed or suspected. 

Most of the patients who have developed myopathy (including rhabdomyo- 
lysis) while taking lovastatin were receiving concomitant therapy with immuno- 
Suppressive drugs, gemfibrozil, or lipid-lowering doses of nicotinic acid. In 
clinical trials, about 30% of patients on concomitant immunosuppressive ther- 
apy including cyclosporine developed myopathy: the corresponding percent- 
ages for gemfibrozil and niacin were approximately 5% and 2%, respectively. 

In 6 patients with cardiac transplants taking immunosuppressive therapy 
ne Sele eae concomitantly with lovastatin 20 mg/day. the average 
plasma level of active metabolites derived from lovastatin was elevated to 
approximately 4 times the expected levels. Because of an apparent relationship 
between increased plasma levels of active metabolites derived from lovastatin 
and ater the daily dosage in patients pg Cres ipa should 
not exceed 20 mg/day (see DOSAGE AND ADMINISTRATION). Even at this 
dosage. the benefits and risks of using lovastatin in patients taking immuno- 
Suppressants should be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR, an attempt 
should be made to control hypercholesterolemia with appropriate diet, exer- 
cise, and weight reduction in obese patients, and to treat other underlying 
medical problems (see INDICATIONS AND USAGE in the full Prescribing 
Information). 

Lovastatin may elevate CPK and transaminase levels (see WARNINGS and 
ADVERSE REACTIONS). This should be considerad in the differential diagnosis 
of chest pain in a patient on therapy with lovastatin. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less effective in 
— with the rare homozygous familial hypercholesterolemia, possibly 

ecause these patients have no functional LDL receptors. MEVACOR appears 
to be more likely to raise serum transaminases (see ADVERSE REACTIONS) in 
these homozygous patients. 


Information for Patients: Patients should be acvised to report promptly any 


unexplained muscle 
by malaise or fever. 
is Interactions: Immunosu, etae Drugs, Gemfibrozil, Niacin (Nicotinic 
Aci a). Erythromycin: See WARNINGS, Skeletal Muscle. 

oumarin Anticoagulants: |n a small clinical trial in which lovastatin was 
administered to warfarin-treated patients, no effect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been found 
to produce a less than 2-second increase in prothrombin time in healthy 
volunteers receiving low doses of warfarin. Also, bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin antico- 
agana concomitantly with lovastatin. It is recommended that in patients 
taking anticoagulants, prothrombin time be determined before starting lova- 
statin and frequently enough during early therapy to ensure that no significant 
alteration of prothrombin time occurs. Once a stable prothrombin time has 
been documented, prothrombin times can be monitored at the intervals usually 
recommended for pei on coumarin anticoagulants. If the dose of lova- 
Statin is changed, the same procedure should be repeated. Lovastatin therapy 
has not been associated with bleeding or with changes in prothrombin time in 
patients not taking anticoagulants. 

Antipyrine: Because lovastatin had no effect on the pharmacokinetics of 
antipyrine or its metabolites, interactions of other drugs metabolized via the 
same cytochrome isozymes are not expected. 

Propranoiot: in normal volunteers, there was no clinically significant phar- 
macokinetic or pharmacodynamic interaction with concomitant administration 
of single doses of lovastatin and propranolol. 

Digoxin: In patients with hypercholesterolemia, concomitant administration 
of lovastatin and digoxin resulted in no effect on digoxin plasma concentrations. 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies lovastatin was used concomitantly with beta 
blockers, calc um channel blockers, diuretics, and nonsteroidal anti-inflamma- 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactions. 


Endocrine Fuaction: HMG-CoA reductase inhibitors interfere with cholesterol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical trials with drugs in this class have been incon- 
sistent with regard to drug effects on basal and reserve steroid levels. 
However, clinical studies have shown that lovastatin does not reduce basal 
n cortisol concentration or impair adrenal reserve and does not reduce 

asal plasma testosterone concentration. Another HMG-CoA reductase 
inhibitor has 5een shown to reduce the plasma testosterone response to HCG. 
In the same study, the mean testosterone response to HCG was cp but not 
significantly reduced after treatment with lovastatin 40 mg daily for 16 weeks 
in 21 men. The effects of HMG-CoA reductase inhibitors on male fertility have 
not been studied in adequate numbers of male patients. The effects, if any, on 
the pituitary-gonadal axis in premenopausal women are unknown. Patients 
treated with lovastatin who develop clinical evidence of endocrine dysfunction 
should be evaluated appropriately. Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholesterol levels is 
administered to patients also receiving other drugs (e.g., ketoconazole, 
spironolactone, cimetidine) that may decrease the levels or activity of endoge- 
nous steroid hormones. 


CNS Toxicity: Lovastatin produced optic nerve degeneration (Wallerian degen- 
eration of retinogeniculate fibers) in clinically normal dogs in a dose-dependent 
fashion starting at 60 mg/kg/day, a dose that produced mean plasma drug lev- 
els about 30 times higher than the mean drug level in humans taking the high- 
est recommended dose (as measured by total enzyme inhibitory activity). 
Vestibulocochlear Wallerian-like degeneration and retinal mo» cell chroma- 
tolysis were also seen in dogs treated for 14 weeks at 180 mg/kg/day, a dose 
that resulted in a mean plasma drug level (Cms) similar to that seen with the 60 
mg/kg/day dose. 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular fibrin 
deposits, and necrosis of small vessels, were seen in dogs treated with lova- 
statin at a dose of 180 mg/kg/day, a dose that produced plasma drug levels 
(Cmax) about 30 times higher than the mean values in humans taking 80 mg/day. 

Similar ootic nerve and CNS vascular lesions have been observed with other 
drugs of this class 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In a 21-month carcino- 
genic study in mice, there was a statistically significant increase in the inci- 
dence of hepatocellular carcinomas and adenomas in both males and females 
at 500 mg/kg/day. This dose produced a total plasma drug exposure 3 to 4 
times that of humans given the qr recommended dose of lovastatin (drug 
exposure was measured as total HMG-CoA reductase inhibitory activity in 
extracted plasma). Tumor increases were not seen at 20 and 100 mg/kg/day, 
doses that produced drug exposures of 0.3 to 2 times that of humans at the 80 
mg/day dose. A statistically significant increase in pulmonary adenomas was 
seen in female mice at approximately 4 times the human drug exposure. 
(Although mice were pen 300 times the human dose [HD] on an mg/kg body 
weight basis, plasma levels of total inhibitory activity were only 4 times higher 
in mice than in humans given 80 mg of MEVACOR® [Lovastatin].) 

There was an increase in incidence of papilloma in the nonglandular 
mucosa of the stomach of mice beginning at exposures of 1 to 2 times that of 
humans. The glandular mucosa was not affected. The human stomach con- 
tains only glandular mucosa. 

In a 24-month carcinogenicity study in rats, there was a positive dose- 
response relationship for hepatocellular carcinogenicity in males at drug expo- 
sures 2 to 7 times that of human exposure at 80 mg/day (doses in rats were 5, 


30, and 180 y dca ay). 

A chemically similar drug in this class was administered to mice tor 72 
weeks at 25, 100, and 400 mg/kg body weight, which resulted in mean serum 
drug levels approximately 3, 15, and 33 times higher than the mean human serum 
drug concentration (as total inhibitory activity) after a 40-mg oral dose. Liver 
carcinomas were significantly increased in high-dose temales and mid- and 
high-dose males, with a maximum incidence of 90% in males. The incidence of 
adenomas of the liver was significantly increased in mid- and high-dose 
females. Drug treatment also escena increased the incidence of lung ade- 
nomas in mid- and high-dose males and females. Adenomas of the Harderian 
gland (a gland of the eye of rodents) were significantly higher in high-dose 
mice than in controls. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or mouse 
liver metabolic activation. In addition, no evidence of damage to genetic mate- 
rial was noted in an /n vitro alkaline elution assay using rat or mouse hepato- 
cytes, a V-79 mammalian cell forward mutation study, an in vitro chromosome 
aberration study in CHO cells, or an in vivo chromosomal aberration assay in 
mouse bone marrow 

Drug-related testicular atrophy, decreased spermatogenesis, spermatocytic 
degeneration, and giant cell formation were seen in dogs starting at 20 
mg/kg/day. Similar findings were seen with another drug in this class. No drug- 
related effects on fertility were found in studies with lovastatin in rats. However, 
in studies with a similar v in this class, there was decreased fertility in male 
rats treated for 34 weeks at 25 mg/kg body weight, although this effect was not 
observed in a subsequent fertility study when this same dose was administered 
for 11 weeks (the entire cycle of spermatogenesis, including epididymal matura- 
lion). In rats treated with this same reductase inhibitor at 180 mg/kg/day, semi- 
niferous tubule degeneration (necrosis and loss of spermatogenic epithelium) 
was observed. No microscopic changes were observed in the testes from rats 
of either study. The clinical significance of these findings is unclear. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

fety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malformations at plasma levels 40 times the human 
exposure (for mouse fetus) and 80 times the human exposure (for rat fetus 
based on mg/m' surface area (doses were 800 mg/kg/day). No drug-indu 
changes were seen in either species at multiples of 8 times (rat) or 4 times 
(mouse) the human exposure based on surface area. No evidence of maltor- 
mations was noted in rabbits at exposures up to 3 times the human exposure 
(dose of 15 mg/kg/day, highest tolerated dose). MEVACOR should be adminis- 
tered to women of childbearing potential only when such patients are highly 
unlikely to conceive and have been informed of the potential hazards. If the 
woman becomes pregnant while taking MEVACOR, it should be discontinued, 
and the patient advised again as to the potential hazards to the fetus. 


Nursing Mothers: It is not known whether lovastatin is excreted in human milk. 
Because a small amount of another drug in this class is excreted in human 
breast milk and because of the potential for serious adverse reactions in nurs- 
A women taking MEVACOR should not nurse their infants (see CON- 
TRAINDICATIONS). 


Pediatric Use: Satety and effectiveness in children and adolescents have not 
been established. Because children and adolescents are not likely to benefit 
from cholesterol lowering for at least a decade and because experience with 
this drug is limited (no studies in subjects below the age of 20 years), treat- 
ment of children with lovastatin is not recommended at this time. 













duration of therapy in 
these extensions was 5.2 years. 

In the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the 
full Prescribing Information), 4.6% of the patients treated up to 48 weeks were 
oput eei n Tio te tim ait 

as possibly, p , Or related to therapy 

MEVACOR. The value for cena Me group was 2.5%. 

Clinical Adverse denar Adverse experiences reported in ae (%) 
treated with MEVACOR (n=613) in controlled clinical studies are: 
Gastrointestinal: constipation, 4.9; diarrhea, 5.5; dyspepsia, 3.9; flatus, 6.4; 
abdominal pain/cramps, 5.7; heartburn, 1.6; nausea, 4.7; Musculoskeletal: 
muscle cramps, 1.1; myalgia, 2.4; Nervous System/Psychiatric: dizziness. 2.0; 
M i Skin: rash/pruritus, 5.2; Special Senses: blurred vision, 1.5; 

ysgeusia, 0.8. 


Laboratory Tests: Marked pon increases of serum transaminases have 
been noted (see WARNING ) 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The corre- 
ir eee for the control agents were cholestyramine, 9%, and probu- 
col, 2%. This was attributable to the noncardiac fraction of CPK. Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletal Muscle) 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinical Adverse 
Experiences: MEVACOR was compared to placebo in 8.245 patients with 
hypercholesterolemia (total cholesterol 240 to 300 mg/dL [6.2-7.8 mmol/L]) in 
the randomized, double-blind, parallel, 48-week EXCEL study. Clinical adverse 
experiences reported as possibly, eyed definitely drug related in 2 1*6 of 
any treatment group are shown in the table below. For no event was the inci- 
dence on drug and placebo statistically different. 


MEVACOR 
Placebo 20 mg q.p.m. 40 mg q.p.m. 20 mg bid. 40 mgbid. 


(n=1,663) (n-1,642)  (n21,645)  (n-1,646)  (n-1,649) 
% % % % % 

Body as a Whole 

Asthenia 14 1.7 1.4 1.5 1.2 
Gastrointestinal 

Abdominal pain ^ 1.6 2.0 2.0 2.2 Z5 

Constipation 19 2.0 32 3.2 3.5 

Diarrhea 23 2.6 24 2.2 26 

Dyspepsia 1.9 13 1.3 1.0 16 

Flatulence 4.2 3.7 43 3.9 45 

Nausea 2.5 1.9 25 2.2 22 
Musculoskeletal 

Muscle cramps 0.5 0.6 0.8 1.1 10 

Myalgia 17 2.6 1.8 2.2 30 
Nervous System/ 
Psychiatric 

Dizziness 07 0.7 12 0.5 0.5 

Headache 27 2.6 28 2.1 32 
Skin 

Rash 0.7 0.8 1.0 12 13 
Special Senses 

Blurred vision 0.8 11 0.9 0.9 12 


. Other clinical adverse experiences reported as possibly, probably, or defi- 
nitely drug related in 0.5 to 1*6 of patients in any drug-treated group are listed 
below. In all these cases, the incidence on drug and placebo was not statistical- 
y different. Body as a Whole: chest pain; Gastrointestinal: acid regurgitation, 

ry mouth, vomiting; Musculoskeletal: leg pain, shoulder pain, arthralgia; 
Nervous Syste iatric: insomnia, paresthesia; Skin: alopecia, : 
Special Senses: eye irritation. 


Concomitant Therapy: In controlled clinical studies in which lovastatin was 
administered concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were observed. The adverse reactions that 
occurred were limited to those reported previously with lovastatin 
or cholestyramine. Other lipid-lowering agents were not administered con- 
comitantly with lovastatin during controlled clinical studies. Preliminary data 
Suggest that the addition of either probucol or gemfibrozil to therapy with 
lovastatin is not associated with greater reduction in LOL cholesterol than that 
achieved with lovastatin alone. In uncontrolled clinical studies, most of the 
patients who have developed myop were receiving concomitant therapy 
with immunosuppressive drugs, gemfibrozil, or niacin (nicotinic acid) (see 
WARNINGS, Skeletal Muscle). 


The following effects have been reported with drugs in this class: 

Skeletal: myopathy, rhabdomyolysis, arthralgias, 

Neurological: dyttunction of certain cranial nerves (including alteration of 
taste, inopten of extraocular movement, facial paresis), tremor, vertigo, 
memory loss, paresthesia, peripheral neuropathy, peripheral nerve palsy, anxi- 
ety, eiae t de eda odd rut 

rsensiti eactions: an apparent hypersensiti rome has 
reported rarely that has included one or more of the fol m features: ana- 
phylaxis, angioedema, lupus erythematous-like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic ane- 
mia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, photo- 
sensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal necrolysis, 
erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver; and rarely, cirrhosis, fulminant hep- 
atic necrosis, and hepatoma; anorexia, vomiting. 

Skin: alopecia. 

Reproductive: gynecomastia, loss of libido, erectile dysfunction. 

Eye: progression of cataracts (lens opacities), ophthalmoplegia. 


Laboratory Abnormalities: elevated transaminases, alkaline phosphatase, and 
bilirubin; thyroid function abnormalities. 


OVERDOSAGE: After oral administration of MEVACOR to mice, the median 
lethal dose observed was >15 g/m?. Tw 

Five healthy human volunteers have received up to 200 mg of lovastatin as 
à single ae — fan became adverse M A few cases of 
accidental overdosage re ; no patients epus P 
o" Sir all patients recovered without sequelae. dete n 
was 5 to 6 g. 

Until further experience is obtained, no specific treatment of overdosage 
with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The vg MEVACOR be iens con a standard 


cholesterol-lowering diet before receiving MEVACOR an on 
this diet during treatment with MEVACOR. ] 

The recommended starting dose is 20 b once a day given with the been] 
meal. The recommended dosing range is 20 to 80 mg/day in single or divid 
doses; the maximum recommended dose is 80 mg/day. Ad of dosage 
should be made at intervals of 4 weeks or more. Doses should be individual- 
ized according to the patient's response (see Tables | to IV under CLINICAL 
PHARMACOL i) Clinical Studies in the full Prescribing Information for dose- 
response results). 

n patients taking immunosuppressive drugs concomitantly with lovastatin 
fies WARNINGS, Skeletal Muscle), therapy should begin with 10 mg of 

EVACOR and should not exceed 20 i 

Cholesterol levels should be monitored periodically, and consideration 
should be given to reducing the dosage of MEVACOR if cholesterol levels fail 
below the targeted range. f 


Dosage in Patients with Renal Insufficiency: In patients with severe renal insut- 
ficiency (creatinine clearance <30 mL/min), dosage increases above 20 mg/day 


should be carefully considered and, if deemed pore T cau- 
tiously (see CLINICAL PHARMACOLOGY in the full Prescri ing Information and 
WARNINGS, Skeletal Muscle). 

—————————— 
For more detailed information, consult your MSD Representative or see the 


Prescribing Information. + 
Merck Sharp & Dohme, Division of Merck & Co., Inc., West Point, PA 19486. 


"Registered trademark of MERCK & CO., Inc. . J1MC56(519) 


m were discontinued. 
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Internist/Cardiologist 
ediate Opening. BC/BE to join 
_2ll-established 6 physician multi-spe- 
cialty practice in Northeastern North 
olina. Large referral area. Excellent 
enefit package. Send CV to Box 1237, 
he American Journal of Cardiology, 
249 West. 17th Street., NY, NY 10011. 










FLORIDA, NEVADA, TEXAS 
AND ILLINOIS! 
Private practice opportunities avail- 
able with established physicians. Need 
| non-invasive for Florida and Texas. 
Need invasive for Las Vegas and 
"Chicago. For details, call Eloise 
‘Gusman, 1-800-535-7698 or collect 
:817-924-1699 or send CV to P.O. Box 
101656, Fort Worth, TX 76185. 














OSHKOSH, WISCONSIN 

ee person cardiology group is recruiting 

"another cardiologist. Busy practice. Oshkosh 

"is an attractive community of 55,000 people, 

located on the shores of Lake Winnebago and 

‘in the heart of Wisconsin's beautiful Fox 

| River Valley. Competitive salary and fringe 
- benefits. Send CV to: 


Christopher Kashnig, Physician Recruiter 
MERCY MEDICAL CENTER 
631 Hazel Street, Oshkosh, WI 54902 
_ or call 800-242-5650 X2430 or 414-236-2430 


'NON-INVASIVE CARDIOLOGIST 
! NEW ENGLAND 

ifty-five physician multi-specialty group 
seeking third cardiologist to join their well- 
established, expanding practice. Practice 
includes all modalities and is associated 
with progressive 175-bed medical center. 
Competitive income guarantee and bene- 
fits package. Beautiful NEW ENGLAND 
community offers outstanding lifestyle. 
Call Mark Prosperi at 1-800-776-5776. 





CARDIOLOGIST — 4 BC Cardiologists seek 
an invasive/noninvasive BC/BE cardiologist to 
join a busy consulting practice in California. 
Exceptional opportunity with attractive finan- 
cial/fringe benefit package and early partner- 
ship. Submit CVC to Box 1231, The American 
Journal of Cardiology, 249 West. 17th Street., 
NY, NY 10011. 





CAREER OPPORTUNITIES 


VIRGINIA-BC/BE non-invasive car- 
diologist needed to join an expanding 
practice of five cardiologists, in a 100+ 
member multi-speciality clinic immedi- 
ately attached to a 406 bed hospital. 


CARDIOLOGIST-Opening for BC/BE 
Noninvasive Cardiologist to join busy crit- 
ical care practice. Located in New Jersey 
40 minutes from Philadelphia and 30 min- 
utes from the shore. Position available 
immediately. Call 609-327-2142. 













Excellent salary and benefits. Send CV 
to Jean Broyles, Lewis-Gale Hospital, 
1900 Electric Rd., Salem, VA 24153 or 
call 1-800-323-3066, ext. 4105. 


OHIO - Join the recognized leaders in 
Northeastern Ohio. This busy, rapidly 
expanding group offers income potential 
above the 90th percentile, the opportunity 
to do everything you’ re trained to do, a 
state-of-the-art office facility including 
nuclear medicine and cardiac rehab, plus 
congenial, talented colleagues. Access to 
two major metro areas, university/top- 
notch schools, diverse cultural and recre- 
ational activities. NEED invasive/non- 
invasive. Contact: Jane Vogt, Recruitment 
Director, clo CEJKA & CO., 222 S. 
Central, Suite 700, St. Louis, MO 63105 

(800-765-3055). 






































Cardiologist BC/BE to join a mul- 
tispecialty group, must be able to do 
cardiac cath. EP a plus. Practice 
located in beautiful mountainous 
region with many outdoor activities 
including hunting, fishing, snow ski- 
ing and white water rafting. Located 
50 miles from Charleston, West 
Virginia and 200 miles from 
Pittsburgh. Hospital has 250 beds 
with state of the art cath lab. 
Excellent salary and benefits. Send 


CAREER CHANGE Curriculum Vitae to 


OPPORTUNITIES 
in the Pharmaceutical Industry. We have assign- 
ments for experienced board certified/eligible 
physicians. Send your CV to Bruce Rogers Co., 
Management Consultants, 20 Main Street, Port 
Washington, NY 11050. (516)883-1058. 


LOCUM TENENS 


IT’S EVERYTHING YOU 
NEED IN A CARDIOLOGIST 


It'S an experienced 
professional doing the 
recruiting. Checking 


references. Verifying credentials. Securing 
hospital privileges. Coordinating quality 
assurance, licensure, and travel. Putting a great 
cardiologist in your practice while you recruit a 
new associate, vacation, or take time off for CME. 





Kristie Bryant 
502 Main Street 
Oak Hill, WV 25901 





It's locum tenens coverage from CompHealth, 
the nation's locum 


tenens leader. 
It's the cardiologist CompHealih 


you need. Fast. 


1-800-328-3063 
SEE US AT THE AMERICAN 


CARDIOLOGY CONFERENCE 
IN APRIL, BOOTH NO. 2434 


THE PHYSICIAN GROUP 


FUTT eum 3 TOCUHNG UO 7€ 


CAREER OPPORTUNITIES 


NON-INVASIVE 
CARDIOLOGIST 
Interventional cardiologist seeks BE/BC 
non-invasive cardiologist, well-trained in 
nuclear, TEE and critical care. Located 
in beautiful Orange County, CA. 


NON-INVASIVE CARDIOLOGIST | 
BC/BE NON-INVASIVE CARDIOLOGIST, ARIZONA 


Six member cardiology section seeking additional non-invasive cardiolo- 
gist(s) with nuclear cardiology and/or echocardiology interests. Practice 
includes clinical, educational, and research opportunities. Academic 
appointment to the Mayo Medical School. Send letter and curriculum 
vitae to: 


Competitive salary and early partnership. 
Send curriculum vitae to: 
Michele A. Codini, M.D. 
24411 Health Center Dr. # 430 
Laguna Hills, CA 92653 


(714) 458-9434 Section of Cardiovascular Medicine 


Attn: R.S. Ruzich, M.D. 

MAYO CLINIC SCOTTSDALE 
13400 East Shea Blvd. 
Scottsdale, AZ 85259 

Mayo foundation is an affirmative action and 
equal opportunity employer and educator. 





CARDIOLOGY 
Opportunity to live and work in the beautiful 
state of Hawaii. Established in 1903, The 
Honolulu Medical Group is seeking a BC/BE 
cardiologist to join our 40-physician, multi- 
specialty group. We offer the opportunity to 
retain control of the medical directive while 
eliminating the headaches of administration and 





recruiting. Plus an attractive salary/benefits 

package and an excellent working environment. "Em 

Send CV to Chairman, Physician Recruitment, Reach The Physicians You Need 
The Honolulu Medical Group 


550 South Beretania Street " 
Honolulu, Hawaii 96813 Call Andrea Feinberg 


or Fax to (808) 531-4179 800-344-7775 ° 212-463-6487 





CARDIOLOGY OPPORTUNITIES 
ARIZONA HEART INSTITUTE 


Metropolitan Phoenix Area 


As a result of growth and expansion, the Arizona Heart Institute has several excellent opportunities. AJ 1 
is a large group practice with a main outpatient center and three satellite offices in the Phoenix-metro arei. 
The environment offers research and education opportunities in a private practice setting. Positions that are 
immediately available are as follows: 


Invasive: Opening in a satellite office for BE/BC invasive cardiologists. Active PTCA and surgical | 
program. Position includes opportunities to participate in various device studies and training with 
use of lasers, stents, and atherectomy. 


Non-Invasive: Great opportunity at our main clinic for a BE/BC cardiologist with interest and experience . 
in echocardiography. Opportunity exists for outpatient and intraoperative TEE. 


Interested candidates should respond to: 
ARIZONA HEART INSTITUTE 
Attn: Administration 
P.O. Box 10,000 
Phoenix, Arizona 85064 
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CAREER OPPORTUNITIES 

















ARDIOLOGIST (U.S. TRAINED) 
B.E. Invasive/Non-Invasive to join 

A cup of Board Certified Cardiologists in 
urban Atlanta, Ga. Busy hospital based 
Ë yate practice including, Cath, PTCA, all 
'n-invasive parameters. Available imme- 

. ately. Cardiac catheterization required. 
‘rmanent pacemaker implantation 
esired. PTCA not essential. Excellent 
(portunity with generous salary and ben- 
p t package leading to partnership. Send 
/ to Box 1233, The American Journal of 
jp. "diology, 249 West. 17th Street, NY, 
p 10011. 


C 































INVASIVE CARDIOLOGIST 
FOR PRIVATE PRACTICE 
IN MINNEAPOLIS, MN 
vendent group of 7 with 4 generalists, 1 car- 
gist, 1 gasteronterologist, 1 oncologist, 

; additional partner in cardiology. 
inteed first year compensation plus incen- 
rogram, profit sharing, insurance, and a 
ty of other benefits. 
PACT: 
Jerry Hess 
LifeSpan (16501) 
800 East 28th Street 
Minneapolis, MN 55407 
(800) 248-4921 





‘ively supported. 


Board certified or board eligible cardi- 
ologist to join the faculty at the Section 
of Cardiology, Department of Medicine 
of the University of Oklahoma School 
of Medicine. Individuals with special 
interests and expertise in echocardiog- 
raphy, nuclear cardiology, invasive car- 
diology and electrophysiology are 
desired, but individuals with other inter- 
ests will be considered. Positions at the 
Assistant or Associate Professor levels 
with tenure eligibility are available. 
Individuals can be considered for pri- 
marily clinician/teacher roles or indi- 
viduals will be allowed to engage pre- 
dominantly in research. Send a CV and 
letter to Ralph Lazzara, M.D., PO Box 
26901, Oklahoma City, OK 73190. 





MEDICAL SOFTWARE 


COMPLETE MEDICAL SOFTWARE - $450 
Prints HCFA, 1500 forms, does billings, finan- 
cial reports, tracks A/R. Has pop-up windows, Help 
Screens. Trial copy available. 


COMPUTER SOLUTIONS 
6298 Turtlemound, New Smyrna Beach, FL 32169 
(904) 427-0558 





PEDIATRIC CARDIOLOGIST 


CHIEFS /DEPT. HEADS / 
FACULTY 


A University affiliated institution, with a 
busy pediatric cardiac surgery service, and 
presently performing 400 pediatric cardiac 
catheterizations per year, invites applications 
for the position of Chief of the Department 
of Pediatric Cardiology. A full academic 
appointment is available. Interested parties 
should forward their curriculum vitae plus a 
letter of introduction to Box 1229, American 
Journal of Cardiology, 249 West 17th St., 
NY, NY 10011. 


All applications will be treated with the strictest confidence 


MEDICAL DIRECTOR 
OF CARDIOLOGY SERVICES 
FINGER LAKES AREA 
OF UPSTATE NEW YORK 


250 bed tertiary referral hospital has excit- 
ing opportunity for Board Certified 
Cardiologist with administrative experi- 
ence and extensive clinical experience in 
diagnostic and interventional cardiology 
to act as Medical Director of Services. 


Competitive compensation. Confidential 
Box No. 1241, The American Journal of 
Cardiology, 249 West 17th Street, New 
York, NY 10011. 





INVASIVE PEDIATRIC CARDIOLOGIST 
;xard-certified or board-eligible pediatric cardiologist is sought to join a large academic practice at THE NEW 
DRK HOSPITAL-CORNELL MEDICAL CENTER in New York City. Primary responsibility will be to 
| "ance interventional pediatric cardiology techniques. Experience in cardiac catheterization, specifically the use 
. ^losure devices as well as routine angioplasty and valvuloplasty, is desirable. Research is encouraged and 













_oard-certified or board-eligible pediatric cardiologist is sought to join a large academic practice at THE 
JEW YORK HOSPITAL-CORNELL MEDICAL CENTER in New York City. Primary responsibility will 
€ divided between patient care and development of clinical research activities. Excellent opportunities in all 
'hases of non-invasive and invasive pediatric cardiology including, state-of-the-art catherization laboratory, mod- 
rn non-invasive laboratory with state-of-the-art technology in two-dimensional/Doppler/color flow echocardio- 
'raphy, including transesophageal echocardiography, and modern Holter/arrhythmia/exercise physiology labo- 
atories are available. Development of clinical research interests is encouraged and supported. 


lease send curriculum vitae to: X 
Samuel B. Ritter, M.D. 
Division of Pediatric Cardiology 
THE NEW YORK HOSPITAL-CORNELL MEDICAL CENTER 
525 East 68th Street, Room N-123 
New York, New York 10021 
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CAREER OPPORTUNITIES 


MADISON, WISCONSIN 


NON-INVASIVE 
CARDIOLOGIST 

















PHYSICIANS PLUS MEDI- 
CAL GROUP, a 180 physician 
multi-specialty group is seeking a 
BC/BE Non-invasive Cardiologist 
to complement their current depart- 
ment of six cardiologists, one with 
Electrophysiology, and three car- 
diothoracic surgeons. Nuclear 
desired, but not necessary. 
Competitive salary with incentive, 
full benefits package, and share- 
holdership after two years. 













For more information send CV to: 






Laurie Glowac 
345 W. Washington Ave. 
Madison, WI 53703 
or call collect: 
(608) 252-8580 








PENNSYLVANIA/OHIO/TENNESSEE 
VIRGINIA/NORTH CAROLINA SOUTH 
CAROLINA/GEORGIA 
Invasive and non-invasive Cardiology oppor- 
tunities. Various practice arrangements avail- 
able. Metropolitan to small towns. Featured 
opportunity: Join Cardiologist in satellite prac- 
tice of group based in major Pennsylvania city. 
Contact: Janet Clayton, AM Care Physician 
Search, Dept. C, P.O. Box 2816, Durham, NC 
27115; 919-383-1002 collect or 800-477-0600. 


ILLINOIS 

Join seven board certified Cardiologists 
in a city of 100,000. Very strong prac- 
tice provides opportunity to do full 
scope of Noninvasive and Invasive 
Cardiology including all procedures. 
Teaching and clinical research also 
available. Excellent financial package 
with full benefits and attractive part- 
nership offer. Send CV or call Neal 
Steinhoff, JACKSON AND COKER, 
INC., 115 Perimeter Center Place, 
Suite 380 11590, Atlanta GA 30346, 
Telephone: 1-800-544-1987. 
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Cardiologists, rc 


IOWA 
INVASIVE CARDIOLOGIST 
BOARD CERTIFIED/BOARD ELIGIBLE 
Outstanding opportunity for a well trained cardiologist to join a progressive, well established (4) physi 
cian group in Eastern Iowa. All current invasive/noninvasive modalities utilized including PTCA, EPS 
TEE, and nuclear cardiology. A personable atmosphere in a metropolitan area of 175,000. (2) larg 
hospitals with a quality open heart program, close to a major university. Competitive income, benefits 


and productivity package. Send CV to: 


Cardiologists, P.C., 1002 4th Ave. SE * Cedar Rapids, [A 52403, 


ATTN: Carole Dzingle, Office Manager. 


CARDIOLOGIST 


to join cardiology department of multispecialty clinic. Position requires expertise `. 
in invasive/non-invasive procedures. Cardiology team includes CV/Thoracic sur- 
geon. Competitive guaranteed salary with bonus incentive plan, malpractice insur- — 
ance, relocation expense and interview expense included in benefits package. Enjoy - 
a sub-tropical climate on the Texas Gulf Coast. Location is attractive to those who ~ 
enjoy outdoor sports such as fishing, golf, and sailing. Look into joining our great 


team. Contact: 


Amanda Fuhro 
VALLEY DIAGNOSTIC MEDICAL & SURGICAL CLINIC, P.A. 
2200 Haine Drive, Harlingen, Texas, 78550 
1-800-852-4543 


IN TEXAS 1-800-338-4590 or 512-421-5199 


Reach The Physicians You Need 
Fax Your Ad Today! 
212-620-9085 


INTERVENTIONAL 
CARDIOLOGY 
FELLOWSHIP 


July 1992 - June 1993, for outstand- 
ing, board eligible cardiologist. 
Participate in hundreds of cardiac and 
peripheral procedures; help develop, 
test new interventional techniques/ 
devices. Excellent salary. Send intro- 
ductory letter, C.V., photo to: 
CARDIOVASCULAR 
INSTITUTE 
OF THE SOUTH 
P.O. Box 207 
Houma, LA 70361 


INTERVENTIONAL | 
CARDIOLOGY 
FELLOWSHIP 
Position available 7/1/92-6/30/93 
545-bed, medical school-affiliated hos: 
pital in the Northeast to 3rd or dth-yea 
fellow with extensive catheterizati 
experience (300+ cases). Trai 
offered in PTCA, directional and re 
tional atherectomy, laser angioplas. 
(totalling over 1000 cases/year), % 
well as permanent pacemaker inser 
tion. Excellent salary and benefit 
Reply with CV to Box 1239, TH 
American Journal of Cardiology, 2 
West 17th Street, New York, NY 
10011. | 
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iopamidol injection 76% 


All nonionic iodinated contrast media currently available 
inhibit blood coagulation, in vitro, less than ionic contrast ~ 
media. Clotting has been reported when blood remains in 
contact with syringes containing nonionic contrast media. 
Therefore, meticulous intravascular administration tech- 
nique is necessary to minimize thromboembolic events. 





Your Visual Aid 


Although both agents gave 
adequate visualization to make 
diagnosis, “... stenotic lesions were 


. | HOWISOVUE'-370 PROVIDED / ^ 
MORE DETAILS THAN A 320-n voi B ESSE thonvithiowdate? 
IODINE CONCENTRATION deeem sr 


— or nonionic contrast media, 


(HEXABRIX) IN PEDIATRIC ] | including Omnipaque (350 mg 


wu — [/mL). 


CORONARY ANGIOGRAPHY’ Small differences in visualization can affect 


N your diagnosis. Select Isovue-370 as your 
€ * 6 6 9 06 09 9 9 9 09 0 09 9 9 $9 00 9 6 9 9 09 €9 9 9 * 9 9 9 09 69 9 9 9 * 9*9 * 9 * visual aid. 














A prospective crossover study compared the 

visualization of Isovue-370 with a low-osmolar 

320-mg I/mL media in 26 children with 

Kawasaki disease. Three experienced clinicians 
| who did not know which media had been used 
sorted the angiograms according to quality of 
image. 


Twice as many Isovue-370 images were rated as 
having superior detail definition than those 
b. which used the 320-iodine concentration! 


Left Coronary Angiography: Evaluation of Visualization! 


Degree of +3 +2 *1 


Visualization (good contrast; (slightly poor (poor contrast; 
easy diagnosis) contrast; relatively diagnosis possible) 
easy diagnosis) 


Two images taken in the same 


ISOVUE-370 25 pediatric patient, with Isovue-370 


(left) and ioxaglate 320 (right). The same volume 


loxaglate 320 12 of media was used for each image. Angles: left anterior oblique 60 — 





NONIONIC 


As with all injectable contrast agents, the 

possibility of severe reactions should be 

borne in mind, regardless of the patient's - 

preexisting medical history. enhances your image 


Please see the brief s ary of prescribi 
normatonanthe wipe (iopamidol injection 7696) 





and caudo-cranial 28°! —— 





[sovue-ó/ 0 (iopamidol injection 76%) 
Enhances Your Image 


ISOVUE'* -200 ISOVUE* -300 
lopamidol Injection 41% lopamidol Injection 61% 
CONTRAINDICATIONS—None. 
WARNINGS—Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than 
ionic contrast media. Clotting has been reported when blood remains in contact with syringes 
containing nonionic contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have 
been reported during angiographic procedures with both ionic and nonionic contrast media. 
Therefore, meticulous intravascular administration technique is necessary, particularly dur- 
ing angiographic procedures, to minimize thromboembolic events. Numerous factors, includ- 
ing length of procedure, catheter and syringe material, underlying disease state, and con- 
comitant medications may contribute to the development of thromboembolic events. For 
these reasons, meticulous angiographic techniques are recommended including close atten- 
tion to guidewire and catheter manipulation, use of manifold systems and/or three-way 
stopcocks, frequent catheter flushing with heparinized saline solutions, and minimizing the 
length of the procedure. The use of plastic syringes in place of glass syringes has been 
reported to decrease but not eliminate the likelihood of in vitro clotting. 

Use caution in patients with severely impaired renal function, combined rena and hepatic 
disease, or anuria, particularly when larger doses are administered. Radiopaque diagnostic 
contrast agents are potentially hazardous in patients with multiple myeloma or other para- 
proteinemia, particularly in those with therapeutically resistant anuria. It has been speculated 
that the combination of the contrast agent and dehydration may be causative of anuria in 
myelomatous patients. This risk is not a contraindication; however, special precautions are 
required. Contrast media may promote sickling in individuals who are homozygous for sickle 
cell disease when injected intravenously or intraarterially. Administration to patients known or 
suspected of having pheochromocytoma should be performed with extreme caution. If the 
possible benefits outweigh the considered risks, the procedures may be performed; however, 
the amount of the medium injected should be kept to an absolute minimum. Assess blood 
pressure throughout the procedure and have measures for treatment of a hypertensive crisis 
available. Monitor such patients very closely. Use caution in patients with hyperthyroidism or 
with an autonomously functioning thyroid nodule because of risk of thyroid storm. 
PRECAUTIONS: General—Diagnostic procedures should be carried out under the direction 
of personnel with the prerequisite training and a thorough knowledge of the particular proce- 
dure to be performed. Appropriate facilities should be available for coping with any complica- 
tion of the procedure, or for emergency treatment of severe reaction to the agent itself. After 
parenteral administration, competent personnel and emergency facilities shoulc be available 
for at least 30 to 60 minutes since severe delayed reactions may occur. Preparatory dehydra- 
tion is dangerous and may contribute to acute renal failure in susceptible patients. Patients 
should be well hydrated prior to and following administration. Reactions to the medium, includ- 
ing serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions, should always 
be considered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast medium, a 
known sensitivity to iodine per se, and a known clinical hypersensitivity (bronchial asthma, 
hay fever, and food allergies). Pretesting cannot be relied upon to predict severe reactions 
and may itself be hazardous for the patient. A thorough medical history with emphasis on 
allergy and hypersensitivity prior to the injection of any contrast medium may be more 
predictive and accurate than pretesting. Premedication with antihistamines or ccrticosteroids 
to avoid or minimize possible allergic reactions in such patients should be considered. 
General anesthesia may be indicated in some procedures in selected patients; however, a 
higher incidence of adverse reactions has been reported in anesthetized patients, which may 
be attributable to the inability of the patient to identify untoward symptoms, or to the 
hypotensive effect of anesthesia which can reduce cardiac output and increase the duration 
of exposure to the agent. Even though the osmolality is low compared to diatrizoate or 
iothalamate based ionic agents of comparable iodine concentration, the potential transitory 
increase in the circulatory osmotic load in patients with congestive heart failure requires 
caution during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or damaging or 
perforating the vessel wall during catheter manipulations and contrast medium injection. Test 
injections to ensure proper catheter placement are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than ionic contrast media at comparable concentrations. For this 
reason, standard angiographic procedures should always be followed: angiographic cathe- 
ters should be flushed frequently, and prolonged contact of blood with contrast in syringes 
and catheters should be avoided. Perform selective coronary arteriography only in those in 
whom the expected benefits outweigh the procedural risk. The inherent risks of angiocardiog- 
raphy in patients with chronic pulmonary emphysema must be weighed against the necessity 
for performing this procedure. Angiography should be avoided whenever possible in patients 
with homocystinuria, because of the risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required when 
venography is performed in patients with suspected thrombosis, phlebitis, severe ischemic 
disease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to avoid extravasation and 
fluoroscopy is recommended. This is especially important in patients with severe arterial or 
venous disease. 

Drug Interactions—Renal toxicity has been reported in a few patients with liver dysfunction 
who were given oral cholecystographic agents followed by intravascular contrast agents. 
Administration of intravascular agents should therefore be postponed in any patient with a 
known or suspected hepatic or biliary disorder who has recently received a cholecystographic 
contrast agent. Other drugs should not be admixed with iopamidol. 

Drug/Laboratory Test Interactions —PBl and radioactive iodine uptake studies will not accu- 
rately reflect thyroid function for up to 16 days following administration, however T3 resin 
uptake and total or free thyroxine (T4) assays are not affected. Any test which might be 
affected by contrast media should be performed prior to administration of the contrast media. 
Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction studies per- 
formed on rats, intravenously administered iopamidol did not induce adverse effects on 
fertility or general reproductive performance. In studies to determine mutagenic activity, 
iopamidol did not cause any increase in mutation rates. 

Pregnancy Category B—No teratogenic effects attributable to iopamidol have been observed 
in teratology studies performed in animals. There are, however, no adequate aad well con- 
trolled studies in pregnant women. It is not known whether iopamidol crosses the placental 
barrier or reaches fetal tissues. Because animal studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needec. Radiologic 
procedures involve a certain risk related to the exposure of the fetus to ionizing radiation. 
Labor and Delivery—It is not known whether use during labor or delivery has immediate or 
delayed adverse effects on the labor, the delivery or the newborn. 

Nursing Mothers—lit is not known whether iopamidol is excreted in human milk. Use caution 
when contrast media are administered to nursing women because of potential adverse reac- 
tions; consideration should be given to temporarily discontinuing nursing. 

Pediatric Use—Safety and effectiveness in children has been established in peciatric angio- 
cardiography, computed tomography and excretory urography. 

Pediatric patients at higher risk of experiencing adverse events during contrast medium 
administration may include those having asthma, a sensitivity to medication and/or allergens, 
cyanotic heart disease, congestive heart failure, a serum creatinine greater than 1.5 mg/dL or 
those less than 12 months of age. 


© 1992 E.R. Squibb & Sons, Inc., Princeton, NJ 
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612-802 


ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angiocardiog- 
raphy (597 patients), the adverse reactions with an estimated incidence of one percent or 
higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 1.3%; hy,o- 
tension 1.0%; hives 1.0%. Intravascular injection is frequently associated with the sensation of 
warmth and pain, especially in peripheral arteriography and venography; pain and war ath 
are less frequent and less severe with ISOVUE (iopamidol injection) than with diatriz ite 
meglumine and diatrizoate sodium injection. The following table of incidence of reactior: . is 
based on clinical studies with ISOVUE in about 2191 patients. 


Adverse Reactions 
Estimated Overall Incidence 

System 2195 <1% 

Cardiovascular none tachycardia, hypotension, hypertension, 
myocardial ischemia, circulatory collapse, S/T 
segment depression, bigeminy, extrasystoles 
ventricular fibrillation, angina pectoris, 
bradycardia, transient ischemic attack, 
thrombophlebitis 

Nervous pain (2.8%) vasovagal reaction, tingling in arms, grimace, 

burning sensation (1.4%) faintness a 

Digestive nausea (1.2%) vomiting, anorexia F 

Respiratory none throat constriction, dyspnea, pulmonary eder" 

Skin and none rash, urticaria, pruritus, flushing 330 

Appendages i 

Body as hot flashes (1.5%) headache, fever, chills, excessive sweating, 

a Whole back spasm 


Special Senses warmth (1.1%) taste alterations, warmth in throat/arms/chest 
nasal congestion, visual disturbances 


Urogenital none urinary retention 


Regardless of the agent employed, overall estimated incidence of serious adverse reac- 
tions is higher with coronary arteriography than with other procedures. Cardiac decompensa- 
tion, serious arrhythmias, or myocardial ischemia or infarction may occur during coroné-y 
arteriography and left ventriculography. Following coronary and ventricular injections, certain 
electrocardiographic changes (Increased QTc, Increased R-R, T-wave amplitude) and cer in 
hemodynamic changes (decreased systolic pressure) occurred less frequently with ISOVUE 
(iopamidol injection) than with diatrizoate meglumine and diatrizoate sodium injection; 
increased LVEDP occurred less frequently after ventricular iopamidol injections. In aortog- 
raphy, the risks of procedures also include injury to the aorta and neighboring organs, pleural 
puncture, renal damage including infarction and acute tubular necrosis with oliguria and 
anuria, accidental selective filling of the right renal artery during the translumbar procedure 
in the presence of preexisting renal disease, retroperitoneal hemorrhage from the trans- 
lumbar approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial spasms, 
hematuria, periorbital edema, involuntary leg movement, malaise, and triggering of degluti- 
tion; some of these may be procedural. Other reactions due to procedural hazards include 
hemorrhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal 
chemistry tests; and rarely arterial thrombosis, displacement of arterial plaques, venous 
thrombosis, dissection of the coronary vessels and transient sinus arrest. ' 
General Adverse Reactions To Contrast Media—Mild, moderate, and sometimes seve « 
adverse reactions may occur associated with the procedure and/or the contrast media. 
Reactions known to occur with parenteral administration of iodinated ionic contrast meu a 
(see the listing below) are possible with a nonionic agent. Approximately 95 percent cf 
adverse reactions accompanying the use of other water-soluble intravascularly administered 
contrast agents are mild to moderate in degree. However, severe and life-threatenir.i 
reactions and fatalities, mostly of cardiovascular origin, have occurred. 

Reported incidences of death from the administration of other iodinated contrast med: 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients (0.01 percent). Mo*: 
deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arre 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensiv 
collapse and shock are found in the literature. The incidence of shock is estimated to b 
1 out of 20,000 (0.005 percent) patients. i 

In a prospective clinical study involving patients undergoing an intravenous procedure 
approximately 170,000 patients received nonionic low osmolar contrast media, with th* 
majority of these receiving iopamidol. The overall incidence of adverse reactions wes. 


approximately three in 100 patients. The incidence of severe reactions was approximately’, 


four in 10,000. 
Adverse reactions to injectable contrast media fall into two categories: chemotox c 


reactions and idiosyncratic reactions. Chemotoxic reactions result from the physicochemic. 


properties of the contrast medium, the dose, and the speed of injection. All hemodynamic 


disturbances and injuries to organs or vessels perfused by the contrast medium are includec . 


in this category. Experience with iopamidol suggests there is much less discomfort (e.g., pain 


and/or warmth) with peripheral arteriography. Fewer changes are noted in ventricular functior + 


after ventriculography and coronary arteriography. 
Idiosyncratic reactions include all other reactions. They occur more frequently in patients 
20 to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount o: 


drug injected, the speed of injection, the mode of injection, and the radiographic procedure. ` 
Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor’ 


reactions are self-limited and of short duration; the severe reactions are life-threatening and 
treatment is urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the general population. Patients with a history of previous reactions to 
a contrast medium are three times more susceptible than other patients. However, sensitivity 
to contrast media does not appear to increase with repeated examinations. Most adverse 
reactions to intravascular contrast agents appear within one to three minutes after the start 
of injection, but delayed reactions may occur (see PRECAUTIONS, General). 

In addition to the adverse drug reactions reported for iopamidol, the following additional 


adverse reactions have been reported with the use of other intravascular contrast agents and: 


are possible with the use of any water-soluble iodinated contrast agent: 
Cardiovascular: vasodilation, cerebral hematomas, petechiae. 
Nervous: paresthesia, dizziness, convulsions, paralysis, coma. 


Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, 


rhinitis. 

Skin and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis. 

Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, pain. 

Special Senses: bilateral ocular irritation; lacrimation; conjunctival chemosis, infection, and 
conjunctivitis. 

The following reactions may also occur; neutropenia, thrombophlebitis, flushing, pallor, 
weakness, severe retching and choking, wheezing, cramps, tremors, and sneezing. 
Overdosage- Treatment of an overdose of an injectable radiopaque contrast medium is 
directed toward the support of all vital functions, and prompt institution of symptomatic 


therapy. Intravenous LDso values (gl/kg) for iopamidol in animals: 21.8 (mice), 13.8 (rats) ^ 


9.6 (rabbits), 17.0 (dogs). 
For full prescribing information consult package insert. 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent «4,001,323 


1. Saito H. Kimura K. Takamia M, et al. Comparison of ionic and nonionic low-osmolar 
contrast media in coronary angiography, a crossover study in children. Invest Radiol. 
1988;23:910-913. 
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Before" escribing, please see full prescribing information. A brief summary follows. 
INDICA | INS AND USAGE 
ACCUP IL is indicated for the treatment of hypertension. It may be used alone or in combination with thiazide diuretics. 
inusiny ACCUPRIL, consideration should be given to the fact that another angiotensin-converting enzyme (ACE) inhibitor, 
captop. i, has caused agranulocytosis, particularly in patients with renal impairment or collagen vascular disease. Available data 
are inst ficient to show that ACCUPRIL does not have a similar risk (see WARNINGS). 
CONTRAINDICATIONS 
ACCUF- "IL is contraindicated in patients who are hypersensitive to this product and in patients with a history of angioedema related 
to pr." 4s treatment with an ACE inhibitor. 
WARP: IGS 
«c ema: Angioedema of the face, extremities, lips, tongue, glottis, and larynx has been reported in patients treated with ACE 
inhibi: "s and has been seen in 0.1% of patients receiving ACCUPRIL. Angioedema associated with vem edema can be fatal. If 
larynceal stridor or angioedema cf the face, tongue, or glottis occurs, treatment with ACCUPRIL should be discontinued imme- 
diately; the patient treated in accordance with accepted medical care, and carefully observed until the swelling disappears. In 
'nstar es where swelling is confined to the face and lips, the condition generally resolves without treatment, antihistamines may 
be u'- ul in relieving symptoms. 
Whe: "here is involvement of the tongue, glottis, or larynx likely to cause airway obstruction, emergency therapy including, but not 
limite to, subcutaneous epinephrine solution 1:1000 (0.3 to 0.5 mL) should be promptly administered 
(see AOVERSE REACTIONS). 
Hypo'ension: Symptomatic hypotension was rarely seen in uncomplicated hypertensive patients treated with ACCUPRIL but, as 
with other ACE inhibitors, it is a possible consequence of therapy in salt/volume depleted patients, such as byt tay treated 
with d: -etics or dietary salt restriction or who are on dialysis (see PRECAUTIONS, DRUG INTERACTIONS, and ADVERSE REAC- 
TIONS). In controlled studies, syncope was observed in 0.4% of patients (N = 3203); this incidence was similar to that observed for 
‘aptoyril (1%) and enalapril (0.8%). 
In patients with concomitant congestive heart failure, with or without associated renal insufficiency, ACE inhibitor therapy may 
cause excessive nsion, which may be associated with oliguria or azotemia and, rarely, with acute renal failure and death. In 
such jatients, ACCUPRIL therapy should be started at the recommended dose under close medical supervision. These patients 
h^ ; 4 be followed closely for the first 2 weeks of treatment and whenever the dosage of antihypertensive medication is increased 
isec DOSAGE AND ADMINISTRATION). 
if syr ptomatic hypotension occurs, the patient should be placed in the supine position and, if necessary, normal saline may be 
administered intravenously. A transient hypotensive response is not a contraindication to further doses; however, lower doses of 
ACCUPRIL or reduced concomitant diuretic therapy should be considered. 
Neu: openia/ ocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone marrow 
depression rarely in patients with uncomplicated hypertension, but more frequently in patients with renal impairment, especially if 
ro also have a collagen vascular disease such as systemic lupus erythematosus or scleroderma. Agranulocytosis did occur during 
ACCUPRIL treatment in one patent with a history of neutropenia during previous captopril therapy. Available data from clinical trials 
of’ ^UPRIL are insufficient to show that, in patients without prior reactions to other ACE inhibitors, ACCUPRIL does not cause 
agra jlocytosis at similar rates. As with other ACE inhibitors, periodic monitoring of white blood cell counts in patients with col- 
lager vascular disease and/or renal disease should be considered. 
Feta, Neonatal morbidity and mortality: ACE inhibitors, including ACCUPRIL, can cause fetal and neonatal morbidity and mortal- 
ity » ^en administered to pregnant women. 
Wher ACE inhibitors have been used during the second and third trimesters of pregnancy, there have been reports of hypotension, 
rer: , failure, skull hypoplasia, and death. Oligohydramnios has also been reported, presumably resulting from decreased fetal renal 
fur- tion; oligohydramnios has been associated with fetal limb contractures, craniofacial deformities, hypoplastic lung development, 
ar" ntrauterine growth retardation. 
P^ yaturity and patent ductus arteriosus have been reported, although it is not clear whether these occurrences were due to the 
A -inhibitor exposure or to the mother's underlying disease. It is not known whether exposure limited to the first trimester can 
rsely affect fetal outcome. 
tient who becomes pregnant while taking ACE inhibitors, or who takes ACE inhibitors when already pregnant, should be 
„ised of the potential hazard to her fetus. If she continues to receive ACE inhibitors during the second or third trimester of 
"nancy, frequent ultrasound examinations should be performed to look for oligohydramnios. When oligohydramnios is found, 
; -> inhibitors should generally be discontinued. 
|^: ts with histories of in utero exposure to ACE inhibitors should be closely observed for hypotension, oliguria, and hyperkalemia. 
t. - guria occurs, attention should be directed toward support of blood pressure and renal perfusion. Hemodialysis and peritoneal 
veis have little effect on the elimination of quinapril and quinaprilat. 
*« etotoxic or teratogenic effects were observed in rats at quinapril doses as high as 300 mg/kg/day (180 and 30 times the maxi- 
rm daily human dose when based on mg/kg and mg/m’, respectively), despite maternal toxicity at 150 mg/kg/day. Tested later in 
y tation and during lactation, reduced offspring body weight was seen at =25 mg/kg/day, and changes in renal histology (jux- 
‘alomerular cell hypertrophy, tubular/pelvic dilation, glomerulosclerosis) were observed both in dams and offspring treated with 
“0 mg/kg/day. Quinapril was not teratogenic in the rabbit; however, as noted with other ACE inhibitors, maternal toxicity and 
embryotoxicity were seen in some rabbits at quinapril doses as low as 0.5 mg/kg/day (one time the recommended human dose) 
and 1.0 mg/kg/day, respectively. 
PRECAUTIONS 
General 
impaired renal function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes in renal function may 
he anticipated in susceptible individuals. In patients with severe heart failure whose renal function may depend on the activity of the 
enin-angiotensin-aldosterone system, treatment with ACE inhibitors, including ACCUPRIL, may be associated with oliguria and/or 
rogressive azotemia and rarely acute renal failure and/or death. 
Clinical studies in ly saree patients with unilateral or bilateral renal tay aig increases in blood urea nitrogen and 
«erum creatinine have been observed in some patients following ACE inhibitor therapy. These increases were almost always revers- 
sle upon discontinuation of the ACE inhibitor and/or diuretic therapy. In such patients, renal function should be monitored during 
he first few weeks of therapy. 
ome hypertensive patients with no apparent preexisting renal vascular disease have developed increases in blood urea and serum 
reatinine, usually minor and transient, especially when ACCUPRIL has been yn concomitantly with a diuretic. This is more likely 
dare in cà with preexisting renal impairment. Dosage reduction and/or discontinuation of any diuretic and/or ACCUPRIL 
Yay be required. 
valuation of hypertensive patients should always include assessment of renal function (see DOSAGE AND ADMINISTRATION). 
Hyperkalemia and potassium-sparing diuretics: In clinical trials, hyperkalemia (serum potassium 25.8 mmol/L) occurred in 
ipproximately 2% of patients receiving ACCUPRIL. In most cases, elevated serum potassium levels were isolated values that 
esolved despite continued therapy. Less than 0.1% of patients discontinued therapy due to hyperkalemia. Risk factors for the 
evelopment of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing 
diuretics, potassium — and/or potassium-containing salt substitutes, which should be used cautiously, if at all, with 
ACCUPRIL (see PRECAUTIONS, Drug Interactions). 
——PÁ In patients undergoing major surgery or during anesthesia with agents that produce hypotension, ACCUPRIL 
will block angiotensin Il formation secondary to compensatory renin release. If hypotension occurs and is considered to be due to 
*his mechanism, it can be corrected by volume expansion. 
ntormation for Patients 
:ngioedema: Angioedeme, including e edema, can occur with treatment with ACE inhibitors, especially — the first 
- ose. Patients should be so advised and told to report immediately any signs or symptoms suggesting — (swelling of 
face, extremities, eyes, lips, ogue difficulty in swallowing or breathing) and to stop taking the drug until they have consulted with 
heir physician (see WARNINGS). 
hypotension: Patients should be cautioned that lightheadedness can occur, especially during the first few days of 
CUPRIL therapy, and that it should be reported to a physician. If actual syncope occurs, patients should be told to not take the 
“rug until they have consulted with their physician (see WARNINGS). 
All patients should be cautioned that inadequate fluid intake or excessive perspiration, diarrhea, or vomiting can lead to an exces- 
sive fall in blood pressure because of reduction in fluid volume, with the same consequences of lightheadedness and possible 
syncope. 
— EN to undergo any surgery and/or anesthesia should be told to inform their physician that they are taking 
an inhibitor. 
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Hyperkalemia: Patients should be told not to use potassium supplements or salt substitutes containing potassium without consult- 

ing their physician (see PRECAUTIONS). 

Neutropenia: Patients should be told to report promptly any indication of infection (eg, sore throat, fever) which could be a sign of 

neutropenia. 

NOTE: As with many other drugs, certain advice to patients being treated with ACCUPRIL is warranted. This information is intended 

to aid in the safe and effective use of this medication. It is not a disclosure of all possible adverse or intended effects. 

Drug Interactions 

Concomitant diuretic therapy: As with other ACE inhibitors, patients on diuretics, especially those on recently instituted diuretic 

therapy, may occasionally experience an excessive reduction of blood pressure after initiation of therapy with ACCUPRIL. The possi- 

bility of hypotensive effects with ACCUPRIL " be minimized by either discontinuing the diuretic or cautiously increasing salt 

intake prior to initiation of treatment with ACCUPRIL. If it is not possible to discontinue the diuretic, the starting dose of quinapril 

should be reduced (see DOSAGE AND ADMINISTRATION). 

Agents increasing serum potassium: Quinapril can attenuate potassium loss caused by thiazide diuretics and increase serum 

potassium when used alone. If concomitant therapy of ACCUPRIL with potassium-sparing diuretics (eg, spironolactone, triam- 

terene, or amiloride), potassium supplements, or potassium-containing salt substitutes is indicated, they should be used with 

caution along with appropriate monitoring of serum potassium (see PRECAUTIONS). 

Tetracycline and other drugs that interact with magnesium: Simultaneous administration of tetracycline with ACCUPRIL reduced 

the absorption of tetracycline by approximately 28% to 37%, possibly due to the high magnesium content in ACCUPRIL tablets. 

This interaction should be considered if coprescribing ACCUPRIL and tetracycline or other drugs that interact with magnesium. 

Lithium: Increased serum lithium levels and symptoms of lithium toxicity have been reported in patients receiving concomitant 

lithium and ACE inhibitor therapy. These drugs should be co-administered with caution, and frequent monitoring of serum lithium 

levels is recommended. If a diuretic is also used, it may increase the risk of lithium toxicity. 

Other agents: Drug interaction studies of ACCUPRIL with other agents showed: 

e Multiple dose therapy with propranolol or cimetidine has no effect on the pharmacokinetics of single doses of ACCUPRIL. 

e The anticoagulant effect of a single dose of warfarin (measured by prothrombin time) was not significantly changed by quinapril 
coadministration twice-daily. 

e ACCUPRIL treatment did not affect the pharmacokinetics of digoxin. 

* No m interaction was observed when single doses of ACCUPRIL and hydrochlorothiazide were administered 
concomitantly. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

Quinapril hydrochloride was not carcinogenic in mice or rats when = in doses up to 75 or 100 ba oy o (50 to 60 times the 

maximum human daily dose, respectively, on a mg/kg basis and 3.8 to 10 times the maximum human daily dose when based on à 

mg/m basis) for 104 weeks. Female rats given the highest dose level had an increased incidence of mesenteric lymph node hema- 
iomas and skin/subcutaneous lipomas. Neither quinapril nor quinaprilat were mutagenic in the Ames bacterial assay with or 

without metabolic activation. Quinapril was also negative in the following genetic toxicology studies: in vitro mammalian cell point 

mutation, sister chromatid exchange in cultured mammalian cells, micronucleus test with mice, in vitro chromosome aberration 

with V79 cultured lung cells, and in an in vivo cytogenetic study with rat bone marrow, There were no adverse effects on fertility or 

— in wt ^ doses up to 100 mg/kg/day (60 and 10 times the maximum daily human dose when based on mg/kg an 

mg/m’, respectively). 


Pregnancy 

Pregnancy Category D: See WARNINGS, Fetal/Neonatal morbidity and mortality. 

Nursing Mothers 

It is not known if quinapril or its metabolites are secreted in human milk. Quinapril is secreted to a limited extent, however, in milk 

of lactating rats (5% or less of the plasma drug concentration was found in rat milk). Because many drugs are secreted in human 

milk, caution should be exercised when ACCUPRIL is given to a nursing mother. 

Geriatric Use 

Elderly patients exhibited increased area under the plasma concentration time curve (AUC) and peak levels for quinaprilat compared 

to values observed in -— patients; this appeared to relate to decreased renal function rather than to age itself. In controlled and 

uncontrolled studies of ACCUPRIL where 918 (21%) patients were 65 years and older, no overall differences in effectiveness or 

i were observed between older and younger patients. However, greater sensitivity of some older individual patients cannot be 

ruled out. 

Pediatric Use 

The safety and effectiveness of ACCUPRIL in children have not been established. 

ADVERSE REACTIONS 

ACCUPRIL has been evaluated for safety in 4960 subjects and patients. Of these, 3203 patients, including 655 elderly patients, 

— in controlled clinical trials. ACCUPRIL has been evaluated for long-term safety in more than 1400 patients treated for 
year or more. 

Adverse experiences were usually mild and transient. 

Discontinuation of therapy because of adverse events was required in 4.7% of patients treated with ACCUPRIL in placebo-controlled 

hypertension trials. 

Adverse experiences probably or possibly related to therapy or of unknown relationship to therapy occurring in 1% or more of the 

1563 patients in placebo-controlled hypertension trials who were treated with ACCUPRIL are shown below. 


Adverse Events in Placebo-Controlled Trials 


ACCUPRIL Placebo 

(N= 1563) (N=579) 

Incidence Incidence 

(Discontinuance) (Discontinuance) 

Headache 5.6 (0.7 10.9 (0.7 
Dizziness 3.9 (0.8 2.6 (0.2 
Fatigue 2.6 (0.3 1.0 
Coughing 2.0 (0.5 0.0 
Nausea/Vomiting 1.4 (0.3 1.9 (0.2) 
Abdominal Pain 1.0 (0.2 0.7 





Clinical adverse experiences probably or possibly related, or of uncertain relationship to therapy, occurring in 0.5% to 1.0% (except 
as noted) of the patients treated with ACCUPRIL (with or without concomitant diurétic) in controlled or uncontrolled trials 

(N = 4397) and less frequent, clinically significant events seen in clinical trials or post-marketing experience (the rarer events are in 
italics) include (listed by body System): 

General: back pain, malaise 

Cardiovascular: palpitation, vasodilation, tachycardia, heart failure, hyperkalemia, myocardial infarction, cerebrovascular accident, 
hypertensive crisis, angina pectoris, orthostatic hypotension, cardiac rhythm disturbances 

Gastrointestinal: dry mouth or throat, constipation, gastrointestinal hemorrhage, pancreatitis, abnormal liver function tests 
Nervous/Psychiatric: somnolence, vertigo, syncope, nervousness, depression 

Integumentary: increased sweating, pruritus, exfoliative dermatitis, photosensitivity reaction 

Urogenital: acute renal failure 

Other: amblyopia, pharyngitis, sinusitis, bronchitis, agranulocytosis, thrombocytopenia 

Angioedema: angioedema has been reported in patients receiving ACCUPRIL (0. by Angioedema associated with laryngeal 
edema may be fatal. If angioedema of the face, extremities, lips, tongue, glottis, and/or larynx occurs, treatment 

with ACCUPRIL should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 

Clinical Laboratory Test Findings 

Hematology: (See WARNINGS) 

Hyperkalemia: (See PRECAUTIONS) 

Creatinine and blood urea nitrogen: Increases (>1.25 times the upper limit of normal) in serum creatinine and blood urea nitrogen 
were observed in 2% and 2%, respectively, of patients treated with ACCUPRIL alone. Increases are more likely 

to occur in patients receiving concomitant diuretic therapy than in those on ACCUPRIL alone. These increases often remit 

on continued therapy. 


* In some patients, the antihypertensive effect may diminish toward the end of the 
once-daily dosing interval. In such patients, an increase in dosage or twice-daily 
administration may be warranted. 


PARKE-DAVIS 


Division of Warner-Lambert Company 
Morris Plains, New Jersey 07950 


PD-103-JA-6702-A1(121) 


FROM PARKE-DAVIS 


ONCE-A-DAY* 7 
Hg 


quinapril HCI tablets 10, 20, 40 mg 


A Single-hande 
Approach To 


Blood Pressure 
Reduction 


d 


*In some patients, the antihypertensive effect may 
diminish toward the end of the once- -daily dosing 
interval. In such patients, an increase in dosage or 
twice-daily administration may be warranted: 
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